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EVEN SHERLOCK 
COULDN'T DO IT! 


You can't tell what formations are 
like by looking down the well; 
guessing from bailer samples is 
pretty risky. Deductive powers are 
an asset—if, like Holmes, you 
have real facts to work on. 


Geologists and Engineers Demand 
FACTS—And the BAKER CABLE TOOL 
CORE BARREL Supplies Them... 


Good cores present a cross-section of the 
formation that is of the greatest value to 
those who make the decisions on any drill- 
ing job. With such cores the geologist and 
engineer can draw sound conclusions — 
based on facts — that will reflect credit on 
their knowledge and judgment and aid in 
the correct solution of even the most puz- 
zling problem. 


EASY OPERATION 

Good cores are easy to take with the Baker 
Cable Tool Core Barrel. Any competent 
driller quickly learns to operate it success- 
fully. He simply uses a shorter stroke and 
slower motion; drills with a slightly slack 
line and keeps the core-taking tube on bot- 
tom. Depending on the formation, core 
recovery is usually from 80% to 100%. Drill- 
ing progress is generally as fast with this 
core barrel as with a bit, and the hole is 
kept to gauge. 


Write For Information . . .Let us send you the 
bulletin describing the construction and operation 
of the Baker Cable Tool Core Barrel. Meanwhile, 
read more about it in your Composite Catalog. 


BAKER O/L TOOLS, INC. 


POST OFFICE BOX 609. HUNTINGTON PARK Sasseobuse 
COALINGA @ TAFT HOUSTON © OKLAHOMA CITY © TULSA NEW YORK 
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By Member 


Illustration shows cotton fibres under 
microscope. Photo courtesy of L. L. Brown 
Paper Co., Adams, Mass. 


No amount of rough handling in field or laboratory can break down 
Haloid Record sensitized on L. L. Brown Linen Ledger paper. The base 
stock is 100% long-fibred white cotton and linen clippings, tremendously 
strong and abuse-resistant. Costs a little more but worth it. Just give 
HB 28 a trial. 


DEEP BLACKS, PURE WHITES 


Haloid Record Grade B (regular) gives you the same emulsion on a 
regular grade of base stock. Yields the same high degree of brilliant 
contrast—yet costs less than you’re paying now. The blacks are deep 
and solid; the whites clear and snowy. 


Prove it at our expense. Send for FREE sample roll of either Haloid 
Record Grade B (regular stock) or Haloid Record Grade HB 28 
(L. L. Brown Linen Ledger stock), with price list and discounts. 


THE HALOID COMPANY, ROCHESTER, N. Y. 
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Measure the 
INCLINATION 


d 


DIRECTION 


of 
Drilling Wells 
® easily 
quickly 
accurately 
and With Confidence 


The entire in- 
strument and 
Operating equip- 
ment are easily 
carried by one 
man as shown to 
the extreme left. 


To the right 
can be seen the 
instrument in its 
water proof outer 
case. 


Note how closely and accurately 
this record of Inclination 2° 35’ 
and Direction N. 21° E. is read. 


ANDERSON PHOTO-RECORD MAGNETIC 
SINGLE-SHOT SURVEY INSTRUMENT 


Run on sand line at any time and to any depth, readings of inclination and 
direction photographed on metal rimmed Record Discs are developed and com- 
pleted within four minutes after the instrument comes out of the hole. 


INTERCHANGEABLE INCLINATION UNITS 


A single Anderson Instrument equipped with these units for maximum inclinations 
of 5°, 10°, 25° and 65° will always give the closest possible reading of direction 
and inclination under all conditions. 


IN SUCCESSFUL USE ALL OVER THE WORLD 
Send for Bulletin 11A and ask for Price List 


ALEXANDER ANDERSON, INC. 


FULLERTON, CALIFORNIA, U.S. A. 
Cable Address: Alexanderson, Fullerton 
LONG BEACH . BAKERSFIELD . SANTA BARBARA 


SURVEYORS OF OIL WELLS SINCE 1994 
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LEITZ 
Ore Microscope Model “mop” 


With new Reflector in the vertical 
illuminator resulting in: 


Homogeneously linear polarized light 
within the entire field of view. 


When linear polarized light is reflected by the prism of a vertical 
illuminator, it retains its linear character and direction of the 
plane of vibration only in the center segment of the field of view, 
whereas to both sides it becomes elliptically polarized with a 
simultaneous slight inclination of the main direction of vibration. 
Thus heretofore Ore Microscopy in Reflected Polarized Light had 
to content itself with only a small portion of the field usable for 
observation of effects of Anistropy. 


A new reflecting unit in the vertical illuminator, described by 
Vi. Berek, results in perfect homogeneity of linear polarized light 
g and uniform plane of vibration within the entire field, making 
this microscope a Research Instrument of unparalleled precision. 


Ae 


Catalog IV B will be sent upon request. 


E. LEITZ, Inc., Dept. V 


60 East 10th Street 
New York, N.Y. 


Branches: Chicago, Ill.; Washington, D.C.; San Francisco, Calif.; Los Angeles, Calif. 
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USE ASKANIA TORSION BALANCES 


for Preliminary 
and Detailed 
Gravity Surveys: 


accurate, fast, economical 


Askania Torsion Balances have done depend- 


able pioneer work on many important pros- 


pects where later developments confirmed 


Askania short-period torsion balance 
in field operation. 


the gravity data obtained, thus furnishing 
definite proof that torsion-balance surveys { 
are indispensable as a preliminary or detail 


method of subsurface prospecting. 


Consult us on your geophysical instrument 
requirements. 
selon 


We will gladly furnish you with further details 
and field operating cost data, etc. 


AMERICAN ASKANIA CORP. 


825-827 M & M BLDG. 
HOUSTON TEXAS 


| 
| 
| 

| 
q 
| 
4 


Bulletin of The American Association of Petroleum Geologists, January, 1936 


Volume 20 JANUARY, 1936 Number 1 


BULLETIN 
of the 


American Association of 


Petroleum Geologists 


CONTENTS 


Petroleum Production and Supply 
By A Special Committee of the American Petroleum Institute 
Probable Petroleum Shortage in the United States and Methods for Its 
Alleviation By L. C. Snider and B. T. Brooks 
Structure Elements of Domes By Robert Balk 
Clay Creek Salt Dome, Washington County, Texas 
By W. B. Ferguson and J. W. Minton 
Chattanooga Shale in Osage County, Oklahoma, and Adjacent Areas 
By Constance Leatherock and N. W. Bass 


DISCUSSION 
Carbon Ratios North of the Ouachitas By D. Jerome Fisher 
Carboniferous Rocks at Jackson, Mississippi By Watson H. Monroe 


REVIEWS AND NEW PUBLICATIONS 
The Journal of the Society of Petroleum Geophysicists 
Division of Geophysics (Stuart Sherar) 
“Notiuni de Geologia Zacamintelor de Sare’”’ (Notes on the Geologic Acc I 
tion of Salt) I. P. Voitesti (Donald C. Barton) 
Recent Geophysical Abstracts of the Sei Geophysical Company 
(Donald C. Barton) 


Recent Publications 


THE ASSOCIATION ROUND TABLE 
Membership Applications Approved for Publication 
Twenty-First Annual Meeting, Tulsa, March 19-21, 1936 
Geologic Names and Correlations Ira H. Cram 
Association Committees 


MEMORIAL 


Samuel Jefferson Caudill Lucian Walker 


AT HOME AND ABROAD 


Current News and Personal Items of the Profession 


113 
114 
115 
117 


118 


120 


CopyricHT, 1936, BY THE AMERICAN ASSOCIATION 
or Perroieum Geotooists, Inc. 


| 
} = 
vii 

{ 1 

91 
102 

106 

107 4 

109 
109 
| 


viii 


Bulletin of The American Association of Petroleum Geologists, January, 1936 


Among geologists, the mere mention 
of Acidizing draws forth the name of 
end general agreement that 
Dowell is the one safe and sure source 


of chemical service. 


DOWELL INCORPORATED 


Subsidiary of THE DOW CHEMICAL COMPANY 


Executive Office: Midland, Michigan 
General Office: Kennedy Bldg., Tulsa, Okla. 


DISTRICT OFFICES 
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PETROLEUM PRODUCTION AND SUPPLY! 


A SPECIAL COMMITTEE OF 
THE AMERICAN PETROLEUM INSTITUTE? 
New York, N. Y. 


INTRODUCTION 


The commercial supply of crude petroleum is derived from under- 
ground sources and the quantity which can be produced is ultimately 
limited. Consequently attention has been periodically directed to this 
natural resource with a view to obtaining some idea of the magnitude 
of the reserve supply. Apprehension has occasionally arisen as to the 
adequacy of the underground reserve. During the past 20 years no 


1 The report of the American Petroleum Institute Special Committee on Produc- 
tion and Supply, which is published in the Bulletin with the permission of the Insti- 
tute, forms one of the chapters of the forthcoming publication of the Institute, entitled 
“American Petroleum Industry.” 


2 In September, 1935, the Executive Committee of the American Petroleum Insti- 
tute undertook a survey of the American petroleum industry. For this purpose several 
special committees were organized, each covering the field of one of the major activities 
of the industry. The Special Committee on Petroleum Production and Supply was 
organized with J. Edgar Pew, Vice-President, Sun Oil Company, Dallas, Texas, as 
Chairman. Associated with him as members of the committee were the following, each 
of whom had served as President of the American Association of Petroleum Geologists. 


Max W. Ball G. Clark Gester Russell S. McFarland 
Frank R. Clark William B. Heroy Wallace E. Pratt 
Everette L. DeGolyer Frederic H. Lahee John Y. Snyder 
Alexander Deussen A. Irving Levorsen J. Elmer Thomas 
James H. Gardner George C. Matson William E. Wrather 
Lovic P. Garrett Alex. W. McCoy 


E. L. DeGolyer was chosen Vice-Chairman and William B. Heroy, Secretary. The 
committee assembled in Dallas, Texas, on September 18, 1935, and continued in session 
until October 2. 

The following petroleum geologists, geophysicists, and engineers were invited to 
codperate with the committee. 

Maurice M. Albertson, Shell Petroleum Corporation, Houston, Texas 
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less than eleven official inventories have been made, with results that 
are striking in two respects: each estimate, upon superficial examina- 
tion, has indicated that the supply of petroleum was meager when 
compared with current annual consumption; and later estimates have 
usually run higher than those earlier made. 

It is the purpose of this report to appraise the petroleum supply 
of the United States in the light of current knowledge. Domestic sup- 
plies of crude petroleum fall into three categories: first, that which 
has been extracted from the earth and is held in above-ground storage; 
second, that which is already discovered and partly developed, but 
which is held in underground storage—the proved reserve; and, third, 
that which awaits discovery—the future reserve. 

Stocks of crude oil held above ground represent the immediately 
available supply upon which the industry relies to feed its refineries. 
The amount of oil so carried has tended to increase as the industry has 
grown in size. This inventory, expressed in terms of the time taken to 
turn it over, is constantly varying, but has rarely exceeded an amount 
which would meet demand for 6 months. (Stocks of processed oil have 
usually represented an additional several months’ supply.) Its size is 
determined by cost and by practical experience. It is purely a working 
supply and is constantly replenished from underground sources. 

Stocks of crude oil carried by the industry during recent years are 
shown in Table I. 

The increasing size of the proved reserve is the result of the vigor 
of exploration. Reserves resulting from new discoveries have thus far, 
in the aggregate, exceeded production by a widening margin. The ab- 
solute size of the proved reserve at any given time does not, however, 


Ben C. Belt, Gulf Production Company, Houston, Texas 

Ludwig Blau, Humble Oil and Refining Company, Houston, Texas 
Wilson B. Emery, Ohio Oil Company, Casper, Wyoming 

Francis E. Heath, Sun Oil Company, Dallas, Texas 

Harold W. Hoots, Union Oil Company, Los Angeles, California 

John C. Karcher, Geophysical Service, Inc., Dallas, Texas 

Guido Marx, Standard Oil Company of California, San Francisco, California 
Charles V. Millikan, Amerada Petroleum Corporation, Tulsa, Oklahoma 
Tom V. Moore, Humble Oil and Refining Company, Houston, Texas 
Joseph E. Pogue, Consulting Engineer, New York, N. Y. 

Harry H. Power, Gypsy Oil Company, Tulsa, Oklahoma 

Robert J. Riggs, Stanolind Oil and Gas Company, Tulsa, Okiahoma 

E. E. Rosaire, Independent Exploration Company, Houston, Texas 
Louis A. Scholl, Jr., The Texas Company, Houston, Texas 

Luther C. Snider, Cities Service Company, New York, N. Y. 

Theodore A. Swigart, Shell Petroleum Corporation, Houston, Texas 
Sheridan A. Thompson, Magnolia Petroleum Corporation, Dallas, Texas 
William V. Vietti, The Texas Company, Houston, Texas 

Earl W. Wagy, Standard Oil Company of California, San Francisco, California 
Ben B. Weatherby, Geophysical Research Corporation, Tulsa, Oklahoma 
Paul Weaver, Gulf Production Company, Houston, Texas 
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carry the significance often attributed to it. The proved reserve is of 
the nature of a working stock and, as such, should not be needlessly 
large. To view it as an indicator of the volume of the future supply is 
erroneous, for the specific size of the proved reserve can offer no de- 
pendable clue to the quantity of oil yet to be discovered. 


TABLE I 


Stocks (IN BARRELS OF 42 U. S. GALLONS) AT BEGINNING AND END oF YEAR AND 
DEMAND FOR CRUDE OIL IN THE UNITED STATES FOR DoMESTIC 
AND Export USE, 1920-1934 


(Authority: United States Bureau of Mines) 


Stocks, Stocks, Demand in United 


Year States for Domestic 
Beginning of Period End of Period and Export Use 
1920 149,356,000 (a) 167, 289,000 531,171,000 
192! (a) 149,448,000 217,324,000 529,671,000 
1922 217,324,000 (a) 306,811,000 595,352,000 
1923 (a) 295, 708,000 (a) 376,615,000 7331515 ,000 
1924 (a) 340,637,000 (a) 361,655,000 770,697,000 
1925 (a) 360,475,000 (a) 343,820,000 842,222,000 
1926 (a) 345, 863,000 315,029,000 862,090,000 
1927 315,029,000 379,660,000 894,881,000 
1928 379,660,000 (a) 391,869,000 969,032,000 
1929 (a) 392,629,000 428,445,000 I ,050,440,000 
1930 428,445,000 (a) 408 , 809,000 979,776,000 
1931 (a) 411,882,000 (a) 370,919,000 939, 294,000 
1932 (a) 370,194,000 (a) 339,715,000 860, 320,000 
1933 (a) 339,875,000 (a) 355,312,000 922,112,000 
1934 (a) 354,223,000 3375 254,000 960, 592,000 


Note.—(a) Stocks at end of period do not always agree with figures shown for beginning of following 

riod because revisions are many times made as of the end of the year without carrying the revision 

k through all regerng years. Figures at the beginning and at the end of each year indicated are, how- 
ever, on comparable basis. 

With these considerations in mind, we have not only estimated the 
oil available in known fields but have dealt with the dynamic elements 
of supply inherent in the rapid progress now under way in the science 
of petroleum geology, the art of discovery and the technique of pro- 
duction. These are opening to commercial utilization large resources 
which were a few years ago beyond reach. 


ESTIMATE OF PROVED PETROLEUM RESERVES IN KNOWN FIELDS 


Table II lists estimates by states of proved underground reserves 
of petroleum in known fields, as of January 1, 1935. In preparing these 
estimates careful consideration was given to data obtained from 
numerous reliable sources, particular weight being attached to esti- 
mates made by men especially familiar with the various fields or dis- 
tricts. These data had already been gathered and analyzed through a 
period ranging from several months to several years. These estimates 
represent petroleum which may be extracted by ordinary current 
methods of production under prices prevalent on January 1, 1935. 
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They do not include an indeterminate quantity of oil left in the ground 
by present producing methods, but which may be extracted by ad- 
vanced methods of production, such as water drive, under prices 
higher than those existing in 1935. 


TABLE II 


ESTIMATED PROVED PETROLEUM RESERVES IN KNOWN FIELDS AS OF 
JANUARY I, 1935, IN MILLIONS OF BARRELS* 


California 3,500 
Rocky Mountain States 
Wyoming 250 
Montana 60 
Colorado 12 
322 
Central and Southern States 
New Mexico (S.E.) 350 
Texas 5,500 
Oklahoma 1,200 
Kansas 400 
Arkansas 75 
North Louisiana 55 
Coastal Louisiana 320 
7,900 
Eastern States 
Illinois 35 
Indiana 5 
Kentucky 35 
Michigan 45 
New York 40 
Ohio 30 
Pennsylvania 240 
West Virginia 25 
455 
Total United States 12,177 


* A few states with very small reserves have been omitted. 


During 9 months since January 1, 1935, new discoveries and some 
notable extensions of fields already discovered have greatly increased 
the known underground reserves. Up to the present time (September) 
in excess of 40 new fields have been found this year. Although it is 
not yet possible to make accurate estimates of these new reserves, it 
is safe to say that they will probably total well over 1.25 billion 
barrels for the year. 

In 1921 the United States Geological Survey and the American 
Association of Petroleum Geologists coéperated in making an esti- 
mate of reserves based on indications at that time.* The figure was 
9-15 billion barrels for the United States, 5 billion barrels being “oil 
in sight” and 4 billion being ‘“‘prospective or possible.” 


3 “The Oil Supply of the United States,” Bull. Amer. Assoc. Petrol. Geol., Vol. 6, 
No. 1 (January-February, 1922), pp. 42-45. 
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In 1925 the American Petroleum Institute published an estimate* 
of reserves in producing and proved fields. Its total was 5.321 billion 
barrels. 

In the report of the Cole Committee,' an estimate of 13.36 billion 
barrels was published as the reserve in known fields on January 1, 
1934. 

The estimates of 5 billion barrels in the 1921 and 1925 reports, the 
estimate in the Cole Committee report, and the present estimate of 
12.177 billion barrels, are intended to cover essentially the same class 
of reserve, that is, the “‘blocked-out”’ oil in fields already discovered 
by drilling. 

Proved reserves of crude petroleum are essentially a stock stored 
underground against the time when the immediate needs of the in- 
dustry require it to be brought to the surface. Such reserves are as 
definitely a part of the working stocks of the industry as oil stored in 
tanks. While the volume of such proved and partly developed re- 
serves must be stated as an estimate, the accuracy of estimation is, 
in the opinion of your committee, sufficiently high that the industry 
may rely on this oil being available when required. The fact that the 
production of this oil must necessarily be extended over a long period 
of years, and that it would be uneconomical and wasteful to attempt 
to produce it in a comparatively short time, does not in any way im- 
pair the concept that proved reserves constitute such an underground 
inventory. It is constantly being augmented by new discoveries and 
depleted by lifting the oil to the surface. 

This relationship is depicted in the accompanying graph (Fig. 1). 
The upper curve shows the accumulated total of petroleum discovered 
as of the first of January of each year since 1900. The figures for 
these discoveries have been revised as far forward as possible, so that 
until about 1931, they reveal with fair accuracy the reserves available 
at the particular date as later proved by subsequent development of 
the fields included. From 1931 forward these estimates become less 
exact because the more newly discovered fields are not fully defined. 
For 1935, for the same reason, only a trend can be shown. 

The lower curve on the graph shows accumulated production year 
by year, starting in 1900. The shaded area lying between the curves 


* American Petroleum Supply and Demand (Amer. Petrol. Inst.). McGraw-Hill 
Book Company, New York (1925), p. 59. 


5 Petroleum Investigation. Hearings before a subcommittee of the Committee on 
Interstate and Foreign Commerce, House of Representatives, Seventy-Third Congress 
(Recess) on House Resolution 441, September 17-22, 1934. Part 2. “A Résumé of the 
Geology and Occurrence of Petroleum in the United States,” by the United States 
Geological Survey, p. 1081. Washington, D. C. (1934). 
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6 PETROLEUM PRODUCTION AND SUPPLY 


thus indicates the volume of proved reserves as of the dates indicated. 
The striking fact illustrated is that the shaded area (accumulated dis- 
coveries less accumulated production) has been expanding since the 
beginning. Had it not been for the exceptionally great reserves added 
by Kettleman Hills and East Texas in 1929 and 1931 respectively, 
this separation of the two curves would have been nearly uniform. 
After a temporary set-back from these exceptional increments, the 
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trend of the curve of discoveries is in 1935 again away from that of 
the production curve. As has been the case in most of our history, 
reserves are now being discovered at a rate greater than the rate of 
production. In the 10-year period from January 1, 1925, to January 1, 
1935, during which total production amounted to about 8.69 billion 
barrels, more than 13 billion barrels of oil were discovered. 


ART OF DISCOVERY 


New oil pools are found only by the drilling of wells. All geological 
and geophysical work serves only to indicate the existence of traps— 
of underground conditions suitable for oil accumulation. Whether or 
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not oil is present in commercial quantity in an apparently suitable 
trap can be determined only by drilling. Indeed, oil deposits of great 
magnitude have been and are being discovered by random drilling. 

There is no fixed formula for discovery and, important as our ad- 
vanced and advancing technique of prospecting may be, we are never- 
theless indebted for a large part of our reserves to discoveries made by 
the thousands of wells drilled at random. Not only new pools but oc- 
casionally new regions and new types of pools are discovered through 
ventures regarded as too risky to attract the sophisticated prospector. 
Even among the most experienced technical men there is often diverse 
opinion as to whether a particular prospect may be attractive enough 
to justify the expense of drilling. Out of this diversity of opinion and 
out of the hundreds of independently directed efforts at prospecting, 
come discoveries which easily bulk great enough to be the critical 
and determining factor in maintaining proved reserves adequate for 
our national requirements. 

Prospecting, because of the high rate of consumption of petroleum 
products, is the continuing business of the oil industry to a degree not 
paralleled in any other mineral industry. Even in times of over-pro- 
duction and with excess of developed reserves, the prospecting effort 
must continue if the needs of the future are to be met. 

The art of prospecting being inexact, the volume of oil discovered 
is not directly proportioned to the effort put forth to find it. Conse- 
quently, under our existing laws, the industry is at times harassed by 
excess oil pressing for market as a result of the discovery of some large 
pool, while at other times the public is apprehensive as to the ade- 
quacy of our reserves. 

There is no precise measure of the magnitude of the prospecting 
efforts put forth by the entire industry, including the smaller units 
which may be formed for the drilling of a single well. Much informa- 
tion is available, however, and indicates that at present the effort is at 
a rate which costs between 200 and 300 million dollars annually. The 
average overall cost to the industry of finding a barrel of oil, over a 
long period of years, appears to be between 30 and 50 cents. For the 
successful wildcatter, this cost may be almost nothing. The costs of 
many successful companies are above this minimum estimate. The 
lower figure of cost has been exceeded for long periods by important 
and successful companies. On the whole, however, the estimate seems 
to be a fair one. 

During the first half century of the oil industry, prospecting was 
almost wholly a matter of random drilling. It was guided, if guided at 
all, by proximity to oil or gas seepages, existing wells or pools, or by 
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vague considerations such as physiography, trends, et cetera, having 
some geological significance. While this type of effort continues to be 
a substantial part of prospecting effort, a more rational technique 
based on geology began to be commonly accepted by the industry 
about 1913-15. Much of the prospective oil territory was thereafter 
examined and the surface geology mapped with considerable exact- 
ness. Subsurface studies were then organized and, by about 1920, the 
possibilities of the then existing technique were fast becoming unable to 
meet the demands of the industry because the more definitely expressed 
structures had been explored to the drilling depths then practicable. 

About this time, and as the result in part at least of war demand 
and high prices for oil, a number of decided improvements and ad- 
vances in the art of prospecting were introduced which permitted 
more exact and refined geologic investigation and the examination of 
areas not amenable to exploration by older methods. Among these 
advances in geologic technique were the introduction of core drilling 
for structure, improved coring practice in well drilling, the introduc- 
tion of micropaleontology and detailed examination of well samples, 
aerial mapping, and geophysical surveying, particularly by gravity 
and seismic methods. 

Since 1920, there has been progressive improvement in technique 
and accumulation of more exact and detailed geologic knowledge of 
the regions in which most future reserves will be found. The geo- 
physical methods have been improved and extended. Electrical log- 
ging has been introduced. The depths to which prospect wells can 
be practicably drilled have been substantia!ly increased. The develop- 
ment of the East Texas field has emphasized the volumetric impor- 
tance of oil occurrences in which stratigraphic rather than structural 
conditions are the controlling factor and suggests that much future 
effort may be directed toward search for pools of such type. Generally 
as a result of improved prospecting technique, the quality of prospects 
available to the industry to-day is better than that of the prospects 
of 10 years ago. 

As to the future—geophysical methods are comparatively new, 
are susceptible to continuing improvement and afford possibilities of 
discoveries of revolutionary importance. No examining technique yet 
developed is definite and final. Consequently, improved techniques of 
greater resolving power open to re-examination areas which have been 
surveyed again and again by less effective methods. 


FUTURE DISCOVERIES 


Large areas within the United States, underlain by sedimentary 
rocks, are only partly explored for oil reserves, whereas the areas al- 
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ready explored by the best current methods are relatively small. No 
satisfactory method has been found for assigning a numerical estimate 
to the amount of oil recoverable from undiscovered deposits. The oil 
to be discovered in the future is so concealed from observation that 
an estimate of ultimate reserves in terms of barrels is obviously im- 
practicable. However, we do have a definite, although incomplete, 
knowledge concerning the existence in an important part of these 
slightly explored areas of extensive deformation in sedimentary rocks 
which are productive in neighboring districts, of deeper prospects, and 
of other geologic factors which are favorable to the occurrence of oil. 
This gives reason to expect that ample discoveries will be made to 
meet national requirements for a period of indeterminate length. 
There is no evidence that discoveries will not continue to be made 
for many years. 

Since the beginning of the oil industry in the United States, dis- 
covery has provided sufficient reserves for the industry. During the 
last decade an estimated 13 billion barrels of oil recoverable by flow- 
ing and pumping methods have been found. The amount of oil dis- 
covered has strikingly exceeded earlier predictions. Furthermore, 
technical progress has been rapid and has provided knowledge as to 
the occurrence of oil which gives added assurance of future discoveries 
of comparable quantities of new reserves. When the exploration work 
and drilling required for the discovery of these quantities of oil have 
been completed, further possibilities will be revealed, the extent of 
which can not now be predicted. 


IMPROVEMENTS IN PRODUCTION METHODS 


No discussion of the supply of crude petroleum is complete with- 
out consideration of advances in drilling and production practice. 
Methods of drilling for and extracting oil have been so greatly im- 
proved that there is little doubt that their almost universal applica- 
tion is resulting in the recovery of a far greater part of the total store 
of oil than the methods of the past. It is noteworthy that the greatest 
advances in production technology have been made in the last 15 
years, and to-day technical improvement is continuing at an ac- 
celerated rate. 

Perhaps no advance has been more important than the increase of 
knowledge concerning the conditions governing the occurrence of oil. 
The fanciful ideas prevalent in the early days that oil was found in 
underground lakes and streams have been replaced by a fundamental 
knowledge of the character of the reservoir rocks. It is now known 
that the rocks in which oil is stored vary greatly in texture and 
porosity. In many places oil, itself charged with gas, occupies a zone in 
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the rock overlain by free gas and underlain by water. Gas, oil, and 
water alike are confined under great pressure. When wells penetrate 
the oil-bearing portion of the reservoir this pressure tends to drive 
the oil out of the reservoir to the surface. There has been an increasing 
realization of the importance of using this energy as an agency for 
oil recovery. Wherever possible, gas that would formerly have been 
wasted is now held in the reservoir to drive oil to the wells, while 
water, thought to be the greatest menace a decade ago, is now re- 
garded as a powerful agent for the expulsion of oil. 

In the practical field, the industry has attacked with the greatest 
thoroughness the problem of deeper and faster drilling. Variety and 
efficiency of drilling tools have made it possible successfully to pene- 
trate formations which formerly all but defeated the efforts of the 
driller. Improved coring devices make it possible to obtain complete 
sections of the rocks penetrated and to determine with increasing 
precision the location of possible reservoirs. Devices for surveying 
and determining inclination of wells have made it possible to drill 
straighter holes and thus reduce wear on equipment and frequently to 
prevent loss of wells. Intensive studies of the composition of drilling 
fluids have greatly aided in the control of wells and the prevention of 
blowouts. These and many other improvements have enabled the in- 
dustry to find sands which with cruder methods frequently escaped 
detection and to explore to increasing depths in search for lower sands 
and new pools. 

Methods of completing wells have also been greatly improved. 
Cementing procedure now permits the sealing off of gas sands overly- 
ing oil sands so as to conserve gas pressure. Effective shut-off of 
water sands prevents the flooding of oil sands, which has in the past 
rendered much oil irrecoverable. Selective perforation of casing opens 
only those parts opposite oil zones, leaving barren zones and those 
containing water cemented and unperforated. The proper handling 
of the fluids found in underground reservoirs has undoubtedly led to 
the completion of many wells as producers that in the earlier stages 
of the industry would have been abandoned as water wells. 

In every step connected with the drilling and finishing of wells the 
advances made in the design and manufacture of equipment have 
more than kept pace with the requirements of the driller. Not only 
are the major units, such as derricks, boilers, and pumps, of much 
heavier design and manufacture, but all forms of tubular material 
have reached a standard of strength and reliability that permits the 
reaching of greater depths without failure of equipment. It may be 
safely stated that equipment now available is capable of drilling to 
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depths of 15,000 feet whenever the industry shall consider wells of 
such depth commercially desirable. 

The tendency of oil-producing methods in use to-day is to recover 
an increasing proportion of the oil originally contained in the reser- 
voir. Flowing wells are regulated to limit the amount of energy used 
to extract each barrel of oil, thus conserving reservoir energy to be 
utilized in further extraction. Mechanical improvements in equip- 
ment for pumping permit the lifting of oil from increasingly greater 
depths. Loss of production by the gradual sealing of the oil sands 
and by many other factors that develop during the operation of wells 
has been materially reduced by new methods, and this has resulted 
in the salvage of large quantities of oil. 

The proper handling of oil at the surface is now a totally enclosed 
process. The old methods of open production and storage are obsolete 
except as to heavy oils produced with little or no accompanying gas. 

Methods of secondary recovery are of growing importance. Main- 
tenance of reservoir pressure through return of gas or by the injec- 
tion of air results in greatly increased recoveries. Restoration of 
reservoir energy in declining fields by similar methods has led to in- 
creased production. Water drive is being used effectively to flush 
from sands oil which can not be recovered by pumping. Complete ex- 
traction of the oil stored within a reservoir never has been and prob- 
ably never will be achieved, but the advances referred to and others, 
such as acidizing, give assurance that the wider application of these 
methods will result in reclaiming large quantities of oil left in the 
reservoirs by earlier production technique. To the extent that it is 
economically possible to apply these methods, the supply of available 
oil will be increased. 


SUPPLEMENTARY SUPPLIES 


The petroleum resources of the United States are a finite though 
indeterminable quantity. Its reserves, in the sense of petroleum com- 
mercially available, are a variable quantity, less than the total re- 
sources, but approaching them with increase in price. The reserves of 
motor fuels, both supplementary supplies and those manufactured 
from the petroleums, are determined by price and, at prices well 
within the ranges of the past, are available almost without limit. 

The American petroleum industry has led the world in increasing 
recovery from discovered pools through improved production prac- 
tice, and in increasing motor-fuel reserves both through improved re- 
fining practice and the development of the natural-gasoline industry. 
This has resulted in a general level of prices for petroleum products in 
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the United States never high enough for any long period to justify 
sustained efforts to develop the production of substitutes in quantity. 

The production of motor fuels in quantity in the United States 
from sources other than the petroleums waits upon necessity rather 
than invention. Great advances have been made, even in spite of a 
long period of low world prices for petroleum, by nations less favored 
than our own with regard to petroleum reserves, in which, because of 
requirements of national defense or desire for economic independence, 
it has seemed desirable to develop substitutes as an independent 
source of supply. 

From the viewpoint of current or anticipated requirements, the 
coal reserves of the United States and of the world are practically un- 
limited. Coal has therefore received considerable attention as a source 
of substitutes for petroleum and, with the help of government pro- 
tection, is at present supplying a large part of Germany’s require- 
ments of liquid fuel as well as lesser amounts in England, France, 
and Belgium. Benzol, a coal product, already finds worldwide em- 
ployment as a motor-fuel constitutent. In 1933 about 1.4 million 
barrels of benzol, representing approximately 0.33 per cent of the 
total gasoline production, because of its anti-knock properties, was 
used for blending with motor fuels in the United States. In the 
United Kingdom, benzol represented from 2 to 3 per cent of the 
motor fuel consumed, and in Germany it is estimated that more than 
0.25 of the motor-fuel requirements could be supplied by benzol made 
in existing coke ovens. 

The benzol of commerce is to-day obtained largely as a by-product 
of the high-temperature coking of bituminous coal. In addition, con- 
siderable quantities of other light-oil derivatives, coal tar, and by- 
product gases, are produced. With industrial coke consumption at the 
1929 high level and all bituminous coal employed for domestic heating 
replaced by coke, the total by-products, if fully used, could provide 
substitutes for approximately 30 per cent of the petroleum require- 
ments of the United States. Expansion of high-temperature coking 
operations to supply the bulk of our requirements for liquid fuel ap- 
pears hardly feasible, however, and other processes exist which are 
preferable. 

Low-temperature carbonization of coal has never proved very 
popular in the United States because the liquid products must sell in 
competition with cheaper petroleum products. The liquid products ob- 
tained are considerably greater in volume than those from high- 
temperature coking, the gas formed is less in amount but of a higher 
heating value, and the coke formed is unsuitable for metallurgical 
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use but more suitable for domestic use than high-temperature coke. 
Low-temperature carbonization is well established in Great Britain 
and is carried on extensively on the European continent. It is prob- 
able that it will supply the United States with petroleum substitutes in 
the future but that the amount will be limited by demand for the coke. 

The hydrogenation of coal to gasoline has been successfully de- 
veloped on a commercial scale. Plants with a capacity exceeding 8 
million barrels of gasoline per year are operating or are under con- 
struction in England and Germany. When operating for maximum 
production of gasoline, the yield is about 65 per cent by weight on 
the ash- and moisture-free basis of coal charged. It is important that 
no by-products are formed for which a market must be found. Nor- 
mally a cost of 10-15 cents per gallon may be expected, depending 
on coal and labor costs, rate of amortization of investment, taxes, et 
cetera. In England gasoline from coal is sold profitably in competition 
with the petroleum product with the assistance of a subsidy of 8 
pence per gallon. Hydrogenation produces go—140 gallons of crude oil 
per short ton of coal and is a promising method for obtaining motor 
fuel from coal. The oil equivalent by hydrogenation of the coal re- 
serves of the United States is measured in thousands of billions of 
barrels. 

The oil shales of the United States are second in importance to its 
coal reserves as a source of petroleum substitutes. Their use on any 
broad scale seems farther off to-day than it seemed in 1925 when the 
Report of the Committee of Eleven on American Petroleum Supply 
and Demand was submitted. At that time the shale reserves were 
estimated at 394 billion short tons from which about 108 billion 
barrels of shale oil could be recovered. 

Alcohol, because of its unsuitability for extensive use in motor 
operation and its excessive cost as compared with other substitutes, 
is not likely to prove an important factor in any country having ample 
coal reserves. 

Other petroleum substitutes have not been developed to the 
point where their merits may be evaluated with reasonable accuracy. 


CONCLUSIONS 


1. The proved reserves as of January 1, 1935, are estimated at 
12,177,000,000 barrels. 

2. The proved reserves, since the beginning of the modern pe- 
troleum industry in the early 1900’s have generally increased yearly 
and have at no time been abnormally low in terms of the Nation’s 
requirements. 
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3. The various estimates of future reserves which have been made 
from time to time during the past score of years have almost without 
exception proved to be too low, many of them absurdly low. 

4. The discovery of the oil fields from which our past production 
has come and in which our proved reserves exist has been achieved by 
multiple effort of great variety ranging from the efforts of skilled 
scientists and technicians to that of adventurous speculators. 

5. There is no method of definitely estimating our future reserves 
of petroleum, but there is a sound basis for belief that they are of 
substantial proportions in terms of the annual requirements estimated 
in the chapter on “Demand.” 

6. The magnitude of the proved reserve of petroleum and of the 
reserves that may reasonably be expected to be discovered in the 
future is such that there is no indication of any imminent danger of 
a petroleum shortage. 

7. Whenever in the future it appears that the supply of petroleum 
is becoming definitely limited, ample supplies of motor fuels for 
many generations will be economically obtained from such sub- 
stitutes as coal and oil shale. 
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PROBABLE PETROLEUM SHORTAGE IN THE 
UNITED STATES AND METHODS FOR 
ITS ALLEVIATION! 


L. C. SNIDER? 


AND 
B. T. BROOKS?* 
New York City 


ABSTRACT 


The immediate danger of a shortage of crude petroleum in the United States, 
under the assumptions of the present or an increased rate of consumption and of 
prices approximating the current scale, is considered in the light of past studies of a 
similar nature, and of probable decline in the production of existing fields and the 
probabilities of new discoveries. Secondary recovery, increased efficiency in the pe- 
troleum and allied industries, and the known substitutes are reviewed as means of 
postponing a shortage of petroleum and of alleviating its effects should any eventuate. 


INTRODUCTION 


Throughout the greater part of its history as a petroleum-produc- 
ing nation the United States has produced ample quantities of petro- 
leum to supply a rapidly increasing domestic consumption, with an 
excess for export. This production has been accomplished at prices 
which, on the average, have been very low in comparison to the 
actual value of the product in terms of energy, service and conven- 
ience. The flood of cheap petroleum has been of vital importance in our 
national welfare, for, among other things, it has been chiefly re- 
sponsible for the rapid development of the automotive industry and 
of aviation. The direct and indirect effects of these industries on other 
industries and on all economic and social phases of our national wel- 
fare have been practically incalculable. At the same time, the excess 
of petroleum, which we have had for export, has been one of the 
principal factors in maintaining the favorable trade balance which 
we have enjoyed for so many years. 

Under such circumstances, it is certainly not remarkable that the 

1 This paper is rewritten and expanded from a similar one read by title before 
the American Chemical Society at Los Angeles, California, in September, 1935, 
and printed in pamphlet form in November, 1935, by the Chemical Foundation, New 
York City. In presenting their interpretation of the situation in regard to petroleum 


supply, the authors do not speak for any other individuals or any organization. 
Manuscript received, November 15, 1935. 


2 Consulting geologist, Cities Service Company, 60 Wali Street. 
3 Chemical engineer, 114 East 32nd Street. 
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continuance of an ample supply of petroleum should be of great na- 
tional interest and a source of some anxiety to many students of the 
petroleum industry. Petroleum differs from solid mineral products 
not only in its physical character but in the laws and practices which 
govern its production. The combination of these features makes it 
necessary to produce petroleum as rapidly as possible after it is found 
and prevents the blocking out of a reserve which can be produced, at 
certain prices, when and at the rate it is needed. 

At no specific time in the history of our petroleum industry have 
the fields then producing been able to supply fully the then current 
demand for more than a matter of 2 or 3 years; for most of the time 
the period when such fields could have fully supplied the demand was 
measured in weeks or months; and during some intervals the supply 
fell short of the demand. As a rule, about 50 per cent of our petroleum 
at any time has been produced by new, flush wells which constituted 
about 2 per cent of the total number producing. Our maintaining a 
production which has been, on the average, in excess of our consump- 
tion has depended on the continual discovery of new fields whose ex- 
istence and whose magnitude could not be foretold definitely in ad- 
vance of discovery. 

The fear that new fields could not be found in the number and at 
the time necessary to keep production in pace with demand has been 
ever present. Various attempts have been made to estimate the total pe- 
troleum reserves of the United States, with results as shown in Table I. 


TABLE I* 
Estimated 
Year Authority _ Reserves 
Bards) (Billion Barrels) 
1908 = David T. Day (Minimum) 8.1 14. 


(Maximum) 22.5 14 
1914 Ralph Arnold 5.7 13 
1915 U.S. Geological Survey 7.6 12. 
1918 David White 6.7 12. 
1921 Geologists of A.A.P.G. in 

coéperation with U.S.G.S. 9.1 11.3 
1929 Ralph Arnold and W. J. Kemnitzer 27.6 ss 


OHM AD 


w 


* In 1925, the Committee of Eleven of the American Petroleum Institute estimated the reserves of 
“Producing and Proved Acres (Common Methods of Flowing and Pumping)” at 5.3 billion barrels. This 
estimate has been mistakenly quoted, even by members of the Committee of Eleven, as an estimate of 
total reserves. The committee, however, refused to estimate the reserves in undiscovered fields, though 
they classified them as our “major reserves.”” 


Attention has been repeatedly called to the fact that all these 
estimates (except Day’s maximum estimate of 1908, which is seldom 
mentioned) have already been exceeded by actual production while 
our proved reserves now are conservatively estimated as being con- 
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siderably in excess of what these estimators visioned as the ¢otal re- 
serves several years ago. The demand for petroleum has increased at 
a rate that probably few persons seriously contemplated any number 
of years ago, but yet we have discovered new fields at a rate in ex- 
cess of that required to meet the demand fully. 

Under these circumstances, it is not surprising that a general be- 
lief has arisen to the effect that the petroleum reserves of the United 
States are practically inexhaustible, and that new fields will be dis- 
covered fast enough to meet any possible demand that may be placed 
upon them, at least for many years to come. Any sort of prognostica- 
tion as to a shortage of domestic petroleum has naturally been re- 
garded with suspicion, and anxiety as to future petroleum supply has 
very generally been replaced by an abiding faith that the supply has 
always been sufficient to meet the demand and that, therefore, it al- 
ways will be. 

Nevertheless, at least a few students of the industry have felt 
that this sense of security is based on false premises, and that the dis- 
covery of so much more petroleum than was formerly believed to 
exist, and that at a rate which was not generally believed to be pos- 
sible, is due to certain factors (principally deeper drilling than was 
formerly practicable and the use of geophysical methods of explora- 
tion) the application of which is limited in time and area. They, there- 
fore, conclude that it is unsafe to rest in the assurance that plenty of 
petroleum will be found in the future merely because it has been 
found in the past. 

In this connection, it may be noted that only three states, Ar- 
kansas, New Mexico, and Montana, have been added to the list of 
productive states in more than 25 years, and neither the present pro- 
duction nor the proved reserve of these states is important from the 
national standpoint. The only really new geological province that has 
been proved petroliferous in many years is the Permian Basin-Pan- 
handle area in western Texas and eastern New Mexico, which is al- 
ready more than ro years old, and of which the average daily produc- 
tion in its peak year (1929) was less than half the daily production 
required from at present undiscovered fields to prevent a shortage in 
1940, and less than one-third of that required in 1945, under assump- 
tions as to consumption and decline of production from present fields 
which are set out later in this paper. 

With the exception of Yates (Texas) no really important‘ shallow 

* The word “important” is used in this and similar connections with respect to 
the national supply. A field may be very important to a company or to a locality or 


even to a state without bearing any appreciable portion of the burden of supplying the 
nation with a billion barrels or more of petroleum per year. 
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field has been found for many years. The whole United States was evi- 
dently well worked out for important shallow fields, down to about 
3,000 feet, before that time. The important new production has been 
due to drilling deeper in old fields, between old fields, and on the 
deeper basinward margins of the old producing areas. Geophysical 
methods of exploration have given the clue to favorable locations in 
areas in which surface geological work is impossible or does not give 
a satisfactory picture of the structure of the deeper beds. The un- 
expectedly large increase in production due to this deeper drilling 
guided by geophysical exploration can be taken as a guarantee of 
similar finding of new production in the future only if new productive 
areas are opened, or if deeper and deeper sands may be found in- 
definitely downwards in the old producing areas—which is certainly 
not the case in most of them. 

Deeper drilling and geophysical exploration may be merely the 
means of rapid discovery and exploitation of the petroleum deposits 
remaining in areas already known to be petroliferous. In this case, 
the chances for future discoveries have been reduced by those already 
made, and the unexpected flood of new production in the past few 
years may well indicate an early and stringent shortage instead of a 
continuing ample supply. 

In a report made last year to a subcommittee of Congress, David 
White,® for the United States Geological Survey, stated: 

It should be urged that making provision in advance against the day, 
certainly not long distant, when waning domestic petroleum reserves will 


fall shorter and still shorter of meeting American domestic needs, is not only 
natural and logical—it is fundamentally sound and necessary. 


The writers are in complete agreement with this statement. On 
the basis of evidence presented later in this paper they believe that 
there is danger that the United States may not be able to supply its 
domestic demand, at its present rate and at prices approximating the 
current scale, any longer than a period of 5-8 years, while an in- 
creased demand might bring about a shortage in less than that time. 

The problem as to whether or not the United States can produce 
enough petroleum to supply its own consumptive demand at any as- 
sumed demand rate and under any assumed price structure lies prin- 
cipally within the field of the geologist. The demand and price struc- 
ture will depend on the methods of utilization and on the degree to 


5 Petroleum Investigation. Hearings before a subcommittee of the Committee on 
Interstate and Foreign Commerce, House of Representatives, Seventy-Third Congress 
— on House Resolution 441, Part 2 (Washington, September 17-22, 1934), 
p. 892. 
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which other substances may be substituted, at different price levels, 
for petroleum and its products. The alleviation of a petroleum short- 
age presents a series of problems of better utilization and the de- 
velopment of substitutes, the successful solution of which depends al- 
most entirely on the efforts of chemical engineers. 

If there is really any danger that our domestic production will 
not fully supply our consumptive demand—or what that demand 
would be at current prices—for a longer period than 5 to 8 years, it is 
by no means premature to consider the possibility of a petroleum 
shortage in the United States, to consider what has already been 
done by chemical engineers and researchers to produce petroleum- 
like products from other sources, and to consider what changes are 
likely to occur in the petroleum industry and in the utilization of 
petroleum products. Five to eight years is indeed a short time in 
which to develop to efficient large-scale operation any very new 
process of major importance. The ammonia-soda process was first 
patented in 1838, but was not commercially sucessful until 1872. The 
successful development of viscose took nearly as long a time. Bergius 
began his work on the high-pressure hydrogenation of coal in 1913 and 
Franz Fischer started his work on hydrogenation in 1914. It is 
fortunate that work on these processes was undertaken at such an 
early date and has been brought to a stage which assures their be- 
ing important factors in alleviating a possible petroleum shortage. In 
view of the time which must elapse before these processes, or the 
distillation of oil shale, can be further improved and installed on a 
scale big enough to produce a large proportion of our present oil re- 
quirement, the presentation of facts bearing upon the probability of 
a shortage of petroleum in the United States in a few years should be 
of general interest. 


SCOPE OF THIS PAPER 


In view of evident misunderstandings due to failure to agree on 
terminology in past discussions of this subject, the exact meaning of 
certain expressions used in this paper probably should be stated 
definitely. 

Firstly, this paper is concerned with the danger of a shortage of 
petroleum and not with the exhaustion of our petroleum reserves. The 
question as to when our reserves will be exhausted—when the last 
barrel of our recoverable reserves will be taken from the ground—is 
scarcely of even academic interest, for it will almost certainly be pos- 
sible to recover some petroleum from fields now producing, by meth- 
ods now in use, fifty or even a hundred years from now, while the 
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production from new fields will probably extend the life of our re- 
serves beyond the range of legitimate prophecy. The fact that we 
can produce some petroleum for a long time to come does not, how- 
ever, necessarily mean that we can produce all we need even in one 
or two years from now, and it is certain that the fields now producing 
could not keep up that rate of production at present prices for more 
than a very few years at most. It is unfortunate that the common 
habit of expressing our proved reserves in terms of years’ supply 
gives persons unacquainted with the declining production of oil wells 
the idea that there is no need for anxiety as to supply until nearly 
the expiration of the specified period of years. Our proved reserves 
are estimated as being equivalent to a supply for 10 to 15 years at the 
present rate of consumption. This concept may be of advantage in 
giving some sort of graphic picture of the magnitude of the reserves 
in known fields, but is too often taken, even by some individuals 
within the industry, as an assurance that they could supply fully our 
consumption at its present rate for that many years, although the 
inevitable decline in the production from these fields will bring it 
below the demand in 2 or 3 years. 

Secondly, this condition of shortage is considered only from the 
standpoint of a possible failure of our domestic supply of petroleum 
(not substitutes) to equal our domestic consumption. Our supply has 
generally fallen short of meeting our total demand—domestic con- 
sumption plus exports—and in the past we have imported more than 
a billion barrels of crude petroleum. Our exports, however, have ex- 
ceeded this amount, or in other words, we have produced more than 
has been consumed at home. Exports, particularly of manufactured 
(refined) goods generally have been considered a legitimate part of 
any business, and our petroleum exports, as has already been noted, 
have been one of the most important factors in maintaining the favor- 
able trade balance we have hitherto enjoyed. At the same time the 
flood of petroleum which made exports possible has given us a great 
advantage over many other nations in an abundant supply of low- 
priced petroleum products. 

If we should come to the position of having barely enough petro- 
leum for our own use, it seems evident that we have lost the national 
advantage given us by our excess of production, while if we actually 
fall short of supplying our own needs so that we must depend on im- 
ports and substitutes or must restrict our demand by high prices, 
our former advantage may easily pass to other nations which still 
have more abundant supplies of petroleum. If our reserves of petro- 
leum are more than ample for our reasonable wants, for a long period 
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of time, it seems that we should consider ourselves already in a pro- 
duction shortage, for we are losing the advantage of export markets 
which we might supply. If, however, there is any danger that we do 
not have enough to supply our own wants for a very long time, it is 
probably more nearly correct to consider that our ideal should not 
go so far as to include exports, and that we can not be said to have a 
shortage of petroleum until our supply is less than our domestic con- 
sumption, or what our domestic consumption would be at something 
like present prices. Accordingly, the term ‘‘shortage”’ is used here to 
indicate the condition when we can not produce enough to supply 
our own consumptive demand at prices not appreciably higher than 
those now in effect. 

Thirdly, it is assumed that the average annual domestic consump- 
tion of petroleum will be at least 1,000,000,000 barrels for the next 
several years. For the present year (1935) the indicated domestic 
consumptions will be well above 900,000,000 barrels, and the curve 
is trending upwards. The only apparent possibility of any great de- 
crease in our consumption of petroleum at present prices is the dis- 
covery and introduction in quantity of a cheaper substitute for it. 
It is believed that the consideration of known substitutes, farther on 
in this paper, shows that they are higher priced than petroleum is 
now, and that they do not threaten any decrease in demand for 
petroleum at present prices. The discovery of a cheaper substitute 
(which may be taken to include the tapping of some hitherto un- 
utilized “natural energy’’) is entirely speculative at present, and cer- 
tainly offers no assurance of interfering with the demand for petroleum 
within any specific number of years. 

Much higher prices might curtail the demand for petroleum and 
thus reduce the quantity used and enable a smaller supply to fill the 
then existing demand. In this case, however, we will almost certainly 
be short of the petroleum to supply the demand that would exist at 
present prices and the principal question of this paper would already 
be answered in the affirmative. Cutting the demand down by high 
price to fit a small production presupposes a shortage at present prices. 
Taxes on petroleum products have become so high in some states 
that their use is probably curtailed to some extent. High taxes may 
easily prevent the consumption from rising to the heights that it 
would otherwise reach, but it is not thought probable that they will 
be an important factor in reducing it below the present level. 

Fourthly, the writers do not picture a return to horse-and-buggy 
days as the result of a shortage of domestic petroleum. The shortage 
of domestic petroleum will be filled in by imports and substitutes 
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which will come into use as prices become higher. In the ordinary 
course of events, there should be no very noticeable dislocation of 
business in the shift from domestic petroleum to imports and sub- 
stitutes, though prices may have to go inconveniently high for a con- 
siderable time while the shift is being made. 

If, however, we should be compelled to meet a war-time demand 
for petroleum products while the shift is imminent or in progress, the 
results might be nationally disastrous. Dependence on imports would 
naturally be hazardous if we were engaged in war, and a large-scale 
shift to any known substitutes would require an investment of 
capital and a utilization of man power which would be a serious handi- 
cap to other war-time activities. The time factor is also important, 
for a war under modern conditions might well be decided against us 
before we could bring substitutes into large-scale production. In any 
case, dependence on imports or substitutes will mean, as already 
pointed out, that we have lost the important national advantage that 
an abundant supply of cheap petroleum has given us, and may mean 
that the advantage has been transferred to other nations. The dam- 
age to our general welfare may be no less real because the change 
from petroleum to substitutes takes place so gradually as to attract 
little notice. 

With these considerations in mind, the problems discussed in this 
paper may be stated in their simplest terms as follows: first, is there 
any immediate danger of a shortage of domestic petroleum supply in 
the United States—that we can not maintain a production of a billion 
barrels per year, or more if consumption continues its present up- 
ward trend; and, second, what will be the effects of increased efficiency 
in recovery, refining and utilization of petroleum, and the use of sub- 
stitutes for it, in preventing or postponing a shortage of petroleum 
and in alleviating any shortage which may eventuate? 


DECLINE OF PRODUCTION FROM PROVED FIELDS 


It is a matter of common knowledge that our relatively small 
margin of excess petroleum production has been maintained only by 
the continual discovery of new fields. It is possibly not so generally 
realized that for some periods of time we have fallen short of supply- 
ing our total demand and even our domestic consumption. Further- 
more, even at the times of our greatest excess of production, we could 
not have spared all the production of our largest flush field or district 
without having a shortage of domestic petroleum. During the years 
1931-1935, we would have been considerably short of supplying our 
demand from all the fields we have found except East Texas; in 1928- 
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1930 we needed the greater part of the flush production of the 
Seminole district; and back of that the same story goes on through 
Smackover, Santa Fe Springs, Long Beach, Cushing, Glenn and 
Spindletop, back to the eastern fields. In other words, while we have 
had a little more petroleum than we could use at home, the excess has 
not been, at any particular time, all the production of our largest field 
or closely related group of fields. 

For 1935, our domestic consumption and domestic production of 
petroleum are nearly in balance at approximately 975,000,000 barrels. 
On the assumption that our consumption remains at or goes above 
an average of 1,000,000,000 barrels annually for the next several 
years, the possibility of shortage depends on two factors—the rate of 
decline of present fields and the finding of new fields. 

Present conditions of operation, with the production of most of the 
newer fields restricted, prevent the accurate determination of reserves 
and of the rate at which they can be produced by the methods used 
in the days of “wide-open” production, and no satisfactory ways of 
estimating accurately the reserves and rate of decline of restricted 
fields have as yet been evolved. Consequently the time during which 
our present fields can maintain a billion barrels annual production, and 
the rate of decline after they fail to do so, can not be stated definitely. 
Certain facts, however, are believed by the writers to indicate very 
strongly that the possibilities for decline are such as to throw a great 
burden on new fields if we are not to suffer a shortage of domestic 
petroleum. 

A measure of the declines of fields restricted through much or all 
of their history is given by the following examples. 

1. The Seminole district (Oklahoma) declined from a peak pro- 
duction of 135,951,000 barrels in 1927 to 40,485,000 barrels in 1931; a 
decline of annual production of 95,466,000 barrels in 4 years, in spite 
of the continued discovery of new pools in the district and of the fact 
that continued decline since 1931 has shown that the district was 
not greatly restricted in that year although it was generally sup- 
posed to be. 

2. Four of the principal fields in West Texas declined from the sum 
of their peak productions (Big Lake, 1926; Church-Fields-McElroy, 
1927; Hendricks, 1928; and Chalk, 1930) of 107,912,000 barrels until 
they produced only 20,877,000 barrels in 1933. 

3. Our production in 1929 was 1,007,000,000 barrels. The produc- 
tion from all fields and sands then producing declined approximately 
40 per cent in 5 years, yielding less than 600,000,000 barrels in 1934. 
Some of the older fields were not producing to capacity even in 1934, 
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but it is believed safe to say that if opened to their critical production 
they could not have filled in a very large part of the gap between their 
actual production and 1,000,000,000 barrels. 

Another qualitative method of indicating the decline of our pres- 
ent fields, which is the same as the need for new fields under the as- 
sumption as to future demand made in this paper, is a consideration 
of the possible rates of production of the reserves of proved fields— 
the ordinary decline-curve method, which is admittedly less accurate 
with restricted than with “‘wide-open” production. 

Let it be assumed, for example, that the fields and sands now 
producing can maintain a billion-barrel production for 1936, and that 
then these fields decline 100,000,000 barrels a year for 2 years, 
75,000,000 barrels a year for 2 years, 50,000,000 barrels a year for 2 
years, and 25,000,000 barrels a year for 8 years—to the end of 1950. 
To avoid a shortage under these conditions, and with a billion-barrel 
annual consumption, new fields and sands must be found that will 
produce (not have ultimate reserves of) 925,000,000 barrels by the 
end of 1940. This amount exceeds by almost 150,000,000 barrels the 
combined production of all our petroleum-producing states, except 
Texas, Oklahoma, and California, during the past 5 years (1930-1934, 
inclusive) ; or it exceeds by about the same amount the production of 
the East Texas field during the first 5 years of its life (1931-1935, in- 
clusive). 

To the end of 1945, 10 years from now, new fields and sands must 
produce 3,275,000,000 barrels—practically the equivalent of the en- 
tire production of either Texas or Oklahoma to the end of 1933, or 4.5 
times the production of the East Texas field during its first 5 years. 
In the next 15 years, to the end of 1950, new fields and sands must 
produce 6,275,000,000 barrels—equivalent to 1.5 times as much as 
California produced to the end of 1933, or 3 times as much as the 
combined production of Arkansas, Kansas, Louisiana, and Wyoming 
to the end of 1934. 

It is most definitely not intended to predict that the decline of 
the old fields will follow exactly the course here outlined. The course 
for the next 2 or 3 years in particular is questionable. If a number of 
restricted fields should be opened to capacity, they would produce 
very large quantities of petroleum for a short time. They might be 
manipulated so that they could maintain a billion-barrel production 
for 2 or possibly even 3 years instead of the single year given them in 
the preceding paragraphs. If they did so, however, they would be 
greatly depleted and the decline in later years would be more rapid 
than the assumed one so that the picture over a period of 5-10 years 
would be little changed from the one presented here. 
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Considered over the whole period, the assumed decline in produc- 
tion of present fields is believed to be conservative for the following 
reasons. 

1. The assumed decline for 5 years is less than the fields producing 
a billion barrels in 1929 declined by 1934. 

2. The proved petroleum reserves of the United States are vari- 
ously estimated from about 10,000,000,000 to about 15,000,000,000 
barrels. A 12,000,000,000-barrel estimate is probably high for the 
amount recoverable at present prices, but if that figure be used, the 
production assigned to the first 15 years in the foregoing analysis 
(8,725,000,000 barrels) leaves 3,275,000,000 barrels to be produced 
after 15 years. This amount gives a curve for the later years somewhat 
steeper than the normal decline curve for such old settled production, 
showing that the amount assumed to be extracted in 15 years is prob- 
ably too small. Another hypothetical case with a somewhat slower de- 
cline for 15 years leaves a reserve at the end of that time which is 
obviously too small, unless the reserves of present fields are much 
larger than 12,000,000,000 barrels. 

Considerable assurance is felt that no reasonable production rate 
can be assigned to our present fields which will greatly lessen the 
burden on new fields as it has been sketched above if we are to main- 
tain a production of 1,000,000,000 barrels, or more, per year. The 
situation in respect to the necessity for new production is about what 
it has been for the greater part of the history of the petroleum in- 
dustry—we must have about the same proportion of new and old 
production as formerly if we are to avoid a shortage. With the much 
greater consumption, however, the actual amount of new production 
necessary to prevent a shortage is much greater than it generally has 
been in the past. 


EFFECT OF RESTRICTED PRODUCTION AND “POTENTIALS” 


This picture of the decline of present producing fields is based on 
generally accepted estimates of proved reserves and past experience 
in the decline of fields and the maintenance of settled production. 
“Potentials” can affect this picture only in the distribution of pro- 
duction in the first few years and not as a whole, and the possibility 
of variation due to the present restricted production has been noted. 
From this standpoint, no further mention need be made of “po- 
tentials” in this discussion. 

*‘Potentials,” however, are important in that they are accepted by 
many individuals, particularly by those outside the petroleum in- 
dustry, as indicating that we can maintain our production at its 
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present rate indefinitely into the future. It is difficult for those un- 
acquainted with the true situation to reconcile the statement that 
there is an immediate danger of a shortage of petroleum with an 
official estimate of the “‘potential” of the East Texas field as being 
14,355,702 barrels per hour. 

“Potentials” are based on the flow for short periods, ranging from 
only a few minutes to a day or two, of individual wells, or of key 
wells on which the “potentials” of smaller or larger groups of wells 
are based, under the most favorable conditions, generally with most 
or all of the wells in the vicinity or of the entire field closed in or 
greatly restricted in their flow. Under such conditions the amount 
produced for short periods of time has little relation to the capability 
of the wells actually tested, and even less to the capability of the 
field as a whole, to produce for any length of time. The height of the 
ridiculous in “‘potentials” has been reached in the East Texas field, 
where a determination on a few key wells in October, 1934, gave the 
field a “potential,” as already noted, of 14,355,000 barrels per hour. 
Such a rate of production, if sustained, would completely drain the 
field of the remaining amount of recoverable oil given it by even the 
more liberal estimates in about a week. It is safe to say that the field 
could not produce a million barrels per day—less than one-fourteenth 
of its hourly potential—for even a few days without doing the field 
great damage and materially reducing the future recovery below the 
amount which can be recovered at the present production rate of 
about a half million barrels per day. 

In any consideration of the real producing capabilities of oil fields 
the critical production must be kept in view instead of the “potential” 
production. The critical production of a field is the maximum rate 
which will give the greatest ultimate recovery at the lowest cost— 
the maximum rate which will not shorten the economic flowing life 
of the field and will not cause too great underground loss of oil by 
rapid exhaustion of the dissolved gas and by causing premature in- 
trusion of water into the sands. 

The discrepancy between “potential” and critical production is 
well illustrated in the Yates (Texas) field. In March, 1931, the 
“potential” was 5,508,000 barrels per day. In 1930, the field pro- 
duced for a time at the rate of 130,000 barrels per day and the num- 
ber of water wells was increasing. A reduction to 89,500 barrels per 
day checked the spread of water and “freed” several wells that had 
been making water. The critical production was, therefore, approxi- 
mately 100,000 barrels per day. The proration umpire of the field 
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estimated® that the field could produce 3,500,000 barrels in one day 
if produced without restriction, but that 98 per cent of the wells 
would then be showing water and that in 30 days the field could pro- 
duce only 10,000 barrels per day. The estimated recoverable re- 
serves of the field were estimated at 800,000,000 barrels with produc- 
tion held to about 100,000 barrels per day, but at only 235,000,000 
barrels with unrestricted flow. The present “potential” of the Yates 
field is somewhere around 6,000,000 barrels, but its critical produc- 
tion is probably below 100,000 barrels per day. 

A few fields are restricted below their critical production but the 
amount of such restriction, it may be repeated, is not great enough to 
effect the necessity for new fields to make good the decline of the old 
ones, except in the distribution of production during the next 2 or 
3 years. The amount estimated to be taken out in those years can 
be increased, but if it is, the discrepancy between consumption and 
the production of the old fields is made greater, and the burden on 
new fields is correspondingly increased, in the succeeding years. If the 
fields are opened beyond their critical production, the situation is ag- 
gravated, for not only is the rate of production of the old fields for the 
later years decreased below that which has been assumed, but the 
ultimate recovery is also lessened—the amount of damage depending 
on how far the fields exceed their critical rates. 


PROBLEMS OF NEW PRODUCTION 
MAJOR PRODUCING STATES 


Only three states, California, Texas, and Oklahoma, have attained 
real importance in the petroleum industry from the present national 
standpoint. These three states yielded 70 per cent of our total pro- 
duction and 80 per cent of our 1934 production, and have about 80- 
go per cent of our estimated proved reserves. So far as can be forecast 
now, they are also our principal hope for new fields. 

California has three principal producing areas—the Los Angeles 
basin, the San Joaquin valley, and the Coastal district—the bound- 
aries of which remain as they were drawn 20 or more years ago. In 
spite of intensive search, no new fields of national importance have 
been found since Kettleman Hills in 1929. The discovery of that field 
was due to very deep drilling and did not cause any change in ideas 
as to probable productive area. The chances for even small new fields 
in these areas are rapidly becoming very remote, and deeper sands 
in old fields seem to be the only source from which important new 


6 Oil Weekly (April 1, 1931), p. 35. 
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production may be obtained in the present producing areas. Some 
fields in the San Joaquin valley and the Los Angeles basin have been 
drilled to basement crystalline rocks, and others have been tested as 
much as 2,000-3,000 feet below known producing horizons without 
favorable results. Other fields, however, are known to have probably 
oil-bearing sands below present producing ones. Whether or not the 
new production from these sands can balance the decline of present 
production for any great length of time is problematic. The thick 
Cretaceous section in the Sacramento valley and northern San 
Joaquin valley has for many years been thought to have some pos- 
sibilities for important petroleum production, but a considerable 
amount of testing has so far yielded only a few gas wells. The prin- 
cipal hope of new fields comparable to the large older ones, however, 
now appears to be in these Cretaceous rocks, though there is some 
chance of fields farther north than the present development along 
both sides of the San Joaquin valley in Tertiary rocks. 

In Oklahoma, the northeastern portion—containing such formerly 
important producing areas as the Bartlesville, Tulsa, Okmulgee, 
Glenn, Bristow, Cushing, and Osage districts—appears to be defi- 
nitely condemned for important new production to the bottom of the 
sedimentary rocks. Practically all of the pools in the area which has 
yielded the bulk of the production for the past 10 years—the Seminole 
and Oklahoma City districts and a belt about two counties wide 
northward from Oklahoma County to the Kansas line—are producing 
from the Ordovician rocks, at depths of about 6,000 feet, and no 
chances for deeper production remain. Several of these pools—Lucien, 
Edmond, Crescent, Polo, et cetera—resulted from an intensive geo- 
logical and geophysical exploration campaign some years ago. The 
structures found in this campaign have nearly all been tested. If 
pools remain to be discovered which will have much effect in keeping 
the production of the United States up to a billion barrels per year, it 
seems that they must lie in the deep basin in the western part of the 
state where the Ordovician rocks lie at depths of 10,000 feet or more, 
and the overlying beds have been tested unfavorably in enough 
places to make it doubtful whether they contain any important ac- 
cumulations. There are also some chances for very deep production 
both north and south of the Arbuckle Mountains, in areas which have 
been thoroughly explored down to 5,000 feet or more. The presence 
of important accumulations at great depths in these areas is prob- 
lematic, and, even if present, it is doubtful if the petroleum can be 
produced at present prices. 

Kansas may be considered out of turn, for the producing areas 
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are simply the northward continuation of those in northern Okla- 
homa. The older producing areas in southeastern Kansas, westward 
to include Butler and Cowley counties, have been thoroughly ex- 
plored to the ‘‘bottom.”’ No pools of even local importance have been 
discovered for several years. The present activity in the counties to 
the west is carrying the development of each new pool to the bottom 
of the productive section. If any important pools are still to be dis- 
covered in the state, they must lie in the western portion, which is 
the northern continuation of the deep basin in western Oklahoma, 
with the rocks rising to the north so that the Kansas portion of the 
basin is not so deep. The production of Kansas increased from 
35,340,000 barrels in 1932 to 45,754,000 barrels in 1934 and will be 
still higher in 1935. This increase has resulted from the discovery of a 
large number of small pools in which the limestone-producing forma- 
tions are heavily acidized. These pools develop high potentials and 
production for a short time, but have very rapid declines. Even at 
their best these pools can not be considered very important from the 
standpoint of national supply, for their production in 1934 was only 
about 2 per cent of the United States total. 

In Texas, a broad belt extending southward from the Red River 
nearly to the Rio Grande through the central part of the state ap- 
pears to be condemned for important production to the bottom of 
the sedimentary section. Northeastern Texas is well tested down to 
the bottom of the Woodbine sand. The remaining possibilities for 
important new fields in this area are in the Trinity formation which 
has been tested, in whole or in part, in several localities with disap- 
pointing results. Central Texas—the Mexia-Powell and San Antonio- 
Luling districts—gives little promise of important new production. 
The south Texas (Laredo-Corpus Christi) district has yielded and 
continues to yield a large number of small fields, but its total produc- 
tion of 104,000,000 barrels to the end of 1934 is only a little over one 
month’s supply for the United States at its present rate of consump- 
tion. The area is being actively exploited to depths of 5,000—6,000 
feet and there is no apparent reason why any undiscovered fields 
should be of greater importance than the larger ones of those found 
previously. 

The West Texas district is apparently well explored for really im- 
portant pools in the Permian limestones. The district was proved 
productive in a large way by the discovery of the Big Lake field in 
1923, and all the fields which now appear to be important were dis- 
covered by the end of 1927. Later activities have resulted in the dis- 
covery of small pools, principally along the northern margin of the 
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area which has been pushed northwards, but individually and collec- 
tively these have so far been of minor importance from the standpoint 
of national supply. The district is still regarded as having possibilities 
for important pools in the beds below the Permian—principally in 
the Ordovician, though also in the Pennsylvanian. Testing of these 
deeper beds has so far been disappointing, since it has resulted in the 
discovery of only one field (Big Lake deep) which has produced about 
24,000,000 barrels or a supply of less than 10 days for the United 
States. The Panhandle district is well worked out for important fields 
within its present boundaries, but deeper drilling along the flanks of 
the uplift may uncover something of considerable magnitude. 

The Gulf Coast district in Texas and its extension across Louisiana 
was thoroughly prospected for shallow fields several years ago, as is 
shown by the fact that the drilling of hundreds of deep wells has not 
brought to light a single shallow field that was missed in the early 
development. So far, the discovery of a succession of deep fields has 
been able to maintain the Gulf Coast production at almost a uni- 
form level in spite of the rapid decline of individual fields. Geo- 
physical exploration has been both extensive and intensive. The fields 
found, with few exceptions, are constantly deeper and deeper, so it 
appears that discovery is nearly perfect as it proceeds to greater 
depths, and that the maintenance or increase of the Gulf Coast pro- 
duction depends on drilling to still greater and greater depths. The 
bottom of the possibly productive rock section is far below the depths 
which can be reached by present drilling technique, so that possi- 
bilities in that sense may be said to be unlimited. However, the pro- 
nounced tendency for the deep sands to be very gaseous, with some 
fields showing only gas and distillate, may indicate that the bottom 
of petroleum production is not as deep as the bottom of the sedi- 
mentary rocks. The Gulf Coast has been of only moderate importance 
from the national standpoint, for it has produced to the end of 1934 
a supply of only 13 months for the United States at its present rate 
of consumption; has had only 5 fields that have reached a production 
of 75,000,000; and has produced only 8.5 per cent of the total of the 
United States for 1934. 

The possibility of discovering new production in Texas that will 
take the relative position in the future that the districts of Mexia- 
Powell, Eastland-Ranger, Wichita Falls, and West Texas have taken 
in the past and that East Texas occupies now, seems to lie almost 
entirely in the deep (Pennsylvanian and Ordovician) sands in West 
Texas and in the basin between West Texas and the Panhandle. This 
basin has already been prospected into the Permian limestones suffi- 
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ciently to give a reasonable doubt that important fields or districts 
are present. The Trinity and lower rocks in East Texas may also 
yield fields greater than previous development has indicated. 


MINOR PRODUCING STATES 


Kansas and the Gulf Coast portion of Louisiana have already been 
mentioned. Northern Louisiana has been very thoroughly prospected 
down to the base of the Upper Cretaceous. The recent discovery of 
the Rodessa field in the extreme northwestern portion is undoubtedly 
of local importance and may result in production of considerable 
magnitude. The previous record of Trinity testing and production, 
however, scarcely justifies the conclusion at this time that the Trinity 
will furnish any number of nationally important fields. 
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Fic. 1.—Production of crude petroleum in Ohio and Pennsylvania since 1900. 


The combined production of the older eastern states—Pennsyl- 
vania, New York, Ohio, West Virginia, Indiana, Kentucky, Tennessee 
and Illinois—has declined regularly for many years, except for a 
moderate increase in Pennsylvania and New York due to secondary 
recovery (Fig. 1), in spite of continued efforts to discover new fields. 
Much of the region has been tested practically to the bottom of the 
possibly productive rock section. A few wells have been drilled to 
depths of 6,000-7,000 feet or more (about 4,000 feet below the deepest 
known petroleum production) in Pennsylvania and West Virginia 
where the rock section is thickest, and have found the conditions very 
unfavorable for large accumulations, with hard and tightly cemented 
sands, which so far have yielded only gas. The chances for important 
new fields in these states have appeared to be very small for 20 or more 
years, and they appear more hopeless as time passes. 

Michigan has been very actively explored the past few years and 
has yielded a few pools which are important to the companies and 
localities interested but are practically negligible from a national 
standpoint. The production of Michigan to the end of 1934 was 
37,257,000 barrels, or the equivalent of about 12 days of domestic 
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consumption at the present rate, and the production in 1934 was little 
more than 1 per cent of the total of the United States. The wells 
have high initial productions and rapid declines, both of which char- 
acteristics are accentuated by the acid treatment which is commonly 
given the limestone-producing horizons. Even if the removal of restric- 
tions and the discovery of new fields should enable Michigan to double 
or even triple its present production for a year or two, it would still 
be an inconsequential factor in prolonging the time during which 
the domestic supply of the United States can be kept above its con- 
sumption. 

The Rocky Mountain states comprise a vast territory of which a 
large part has generally been considered favorable for petroleum pro- 
duction. Compared to the effort expended in exploration and wildcat 
drilling, however, the discoveries have proved very disappointing. 
Wyoming has an imposing list of fields, but two-thirds of its total 
production of about 400,000,000 barrels has come from the Salt Creek 
field, discovered in 1889. All the other fields in Wyoming and all 
those in Montana, Colorado, and New Mexico have produced, to the 
end of 1934, a supply of little more than 3 months for the United 
States at the present rate of consumption. All parts of the region 
that have petroleum possibilities and which may be worked by surface 
geological methods have been worked and reworked, and considerable 
geophysical work has been done. Practically all known favorable 
structures have been tested, though several of them have not been 
drilled to the deeper sands now known to be productive in other 
places. At present, the chances for new production seem to lie prin- 
cipally in deeper sands on known structures in Wyoming and Mon- 
tana, and in extensions and possibly new fields as well as in the very 
deep Ordovician rocks in southeast New Mexico. Drilling in the deep 
structural basins in the mountainous regions, and on the plains of 
eastern Colorado has been disappointing, but prospecting is still pro- 
ceeding. 

NON-PRODUCING STATES 

Several of the states not now producing petroleum have been 
mapped, in whole or in part, as possible producing territory and all 
of their area underlain with sedimentary rocks has been included in 
compilations showing the great extent of territory in which oil fields 
may be found. However, there will probably be little disagreement 
with the statement that a great part of this territory can be eliminated 
from consideration as probable territory for nationally important 
production. The thinness of the sedimentary cover, the unfavorable 
character of the rocks in respect to source beds or reservoirs or both, 
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and the lack of favorable structural conditions, or combinations of 
these factors, make the Atlantic Coastal Plain in New Jersey, Dela- 
ware, Maryland, Virginia, North Carolina, South Carolina, and 
Georgia, and the badly faulted and partly metamorphosed Paleozoic 
areas of Nevada, Arizona, and Idaho, almost impossible territory for 
accumulations of the magnitude which must be found if we are to 
continue to supply enough petroleum for our own use. 

If deposits of petroleum, comparable in any degree to those of 
Texas, California, and Oklahoma—or even those of Kansas, Louisi- 
ana, Wyoming, and Pennsylvania—are to be found in states not now 
producing, it seems that they must be in Missouri, Iowa, the Dakotas, 
Nebraska, and the eastern Gulf Coast states, Mississippi, Alabama, 
and Florida, and in relatively small portions of Washington and 
Oregon. 

Discussion of the geological conditions in these states is scarcely 
in place in this paper. However, it is worthy of note that none of them 
can be considered virgin territory. The eastern third of North Dakota 
and eastern half of South Dakota may safely be considered as being 
condemned for important production by a considerable number of 
holes that have penetrated the pre-Cambrian basement rocks at 
depths of 1,250 feet or less. A large part of the remainder of both 
states is apparently condemned down to the bottom of the Cretaceous 
by the large number of water wells drilled to the Dakota sandstone. 
The Nebraska Geological Survey credited that state, in 1931, with g2 
wells drilled deeper than 1,000 feet, of which 25 reached between 
2,000 and 3,000 feet; 14, between 3,000 and 4,000 feet; 4 between 
4,000 and 5,000 feet, and the deepest one, 5,697 feet. 

The report of the Iowa State Geological Survey for 1919-1920 
said “the possibilities for obtaining commercial production in Iowa 
are small. In by far the greater part of the state the chances are 
negligible . . . .”” The map accompanying the report shows ro per cent 
or less of the state as “‘not wholly condemned.” It was also said that 
“the Ordovician has been so well tested that it may be eliminated 
from consideration. The St. Peter sandstone has been penetrated by 
many wells in all parts of the state, many of them on anticlines, and 
the results have been negative.” Fifteen years have only served to 
strengthen these conclusions. 

Missouri has yielded small quantities of gas and negligible quan- 
tities of oil. Records show 1,137 dry holes of which 807 are in 6 
counties which have produced most of the oil and gas, while 330 
are well distributed over the state. Mississippi, to the end of 1934, 
had 231 dry holes more than 1,000 feet deep, of which 117 were be- 
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tween 1,000 and 3,000 feet deep; 97 were between 3,000 and 5,000 
feet; and 17 were more than 5,000 feet, with 1 reaching below 8,000 
feet. The possibly productive area in Alabama has been tested in 
many places and to great depths on apparently favorable structures. 
Florida has had only a few deep wells but they have disclosed strati- 
graphic and water conditions that do not appear particularly favor- 
able for really important accumulations. The coastal portion of 
Washington has had several tests, some on apparently favorable struc- 
tures and to considerable depths, with little more than good showings 
of petroleum so far. 

The foregoing review of the possibility for important new oil 
fields in the United States, as brief as it is, is believed to present con- 
siderable evidence that the finding of sufficient new production to 
maintain our production at or above 1,000,000,000 barrels per year 
at present prices will be very difficult if it can be accomplished at all. 
Much of the older producing territory has been thoroughly tested to 
the bottom of the possibly productive rock section; other large pro- 
ductive areas are not tested to the bottom but are condemned fer 
important new production to such great depths that any petroleum 
deposits which may be present are doubtfully producible at present 
prices. 

Large non-producing areas such as the central portions of the deep 
structural basins in the western parts of Oklahoma, Kansas, and 
Texas, and of the San Joaquin valley and Los Angeles basin in 
California have been much more thoroughly tested to greater depths 
than were the adjoining productive areas before they were proved 
productive in a large way. One school of geologists would attribute 
the accumulations on the margins and slopes of these basins to the 
migration of oil from the central portions, so that, if this theory be 
correct, the retention of large accumulations in the central portions 
will prove to be the exception and not the rule. 

It is thought truly significant that the major oil-producing states 
and districts were proved to be such with so little drilling in com- 
parison to the amount which even the most promising non-producing 
states and non-producing districts in producing states have had. 

Oklahoma, Texas, Kansas, Louisiana, and California together, 
probably did not have as many as the 44 dry holes to a depth of 2,000 
feet which Nebraska had in 1931, before all of them were proved to 
have important petroleum deposits, and certainly they all had far 
less than the 125 or more exploratory dry holes to greater depths 
than 1,000 feet that Mississippi now has. 

The point may be raised that the dry holes in the non-productive 
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states are too far apart to condemn much of the territory, and that 
many more dry holes have been drilled in smaller productive regions, 
in which there are important fields distributed among the dry holes. 
This argument admittedly has weight but seems to be weak in that 
the large numbers of dry holes in productive states and in districts 
within the states have followed the discovery and development of 
the fields and have not preceded them. Instances in which important 
production has been developed in areas and at depths which had pre- 
viously been tested by a large number of dry holes are certainly rare. 
Deep production has been found in areas which had been tested un- 
favorably in shallow sands but, at least in most cases, more favorable 
indications were found at shallow depths than has been the case in 
the non-productive areas under consideration. These conditions do 
not at all preclude the possibility of fields, and even important fields, 
being found in the present non-productive states and major districts, 
but they are believed to give a reasonable doubt as to the presence 
of major producing areas such as must be found to maintain our 
production at its present level. To say the least, they do not give 
any assurance of the presence of such production. 


FINDING RATE OF NEW OIL FIELDS 


It is evident that, if we do not find as much petroleum as we use, 
our reserves are being depleted and the possible rate of production is 
being reduced, so that it will in time be below our consumption if 
that should remain constant or should increase. Pratt? has recently 
called attention to the decrease in finding rate since 1930 as follows: 


The rate of discovery curve climbs gradually to a conspicuous maximum 
in the period 1926-1930 and then slumps off sharply to a point lower than it 
has been for nearly 20 years. To one who has followed discovery experience 
the shape of this curve is significant. The growing rate of discovery, through 
the early periods, reflects, first, the application of geological principles to the 
problem, beginning about 1915; second, the greatly accelerated effort to find 
oil, following the war; and third, the culminating advantage which came 
with the introduction of geophysical methods of finding in 1926. The slump 
following 1930 is a reflection of the failure of finding technique, in spite of 
all efforts and all improvements, to cope with the task of maintaining the 
established discovery rate in the face of the ever smaller number and the 
greater obscurity of the pools remaining to be discovered. Even the recent 
remarkable progress in deeper drilling has not sufficed to overcome the grow- 
ing difficulty. To find an average of 1,000,000,000 bbls. per year over the 
next decade promises to be a formidable assignment. 


It is possible that the rate of finding has been so increased in 1935, 


7 Wallace Pratt, Oil and Gas Journal (September 5, 1935). 
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that there will be no deficiency of finding versus consumption for 
that year, but the potentialities of the actually proved areas found 
so recently are still too imperfectly known to justify that conclusion. 


DECLINING PERCENTAGE OF OIL WELLS 


The decline in ratio of oil wells to total number of wells drilled 
has been treated exhaustively by Lahee.* Many local and temporary 
factors may affect this ratio. For example, the discovery of such a 
large field as East Texas, and the concentration of drilling effort in 
it, may increase the percentage of oil wells without indicating much, 
if anything, as to the probability of more new fields being discovered. 
Also, a large percentage of oil wells may not mean a discovery of new 
fields, but, possibly, a rise in price of crude oil which makes a con- 
siderable number of proved locations for small wells economically drill- 
able. A small percentage may result from economic conditions which 
restrict drilling in proved fields and cause the drilling of a greater 
proportion of wildcats to protect expiring leases. 

In spite of all these conditions, however, it is believed that the 
decrease of percentage of oil wells in Oklahoma from generally above 
80 in its early history to below 60 from 1925 to 1932; the decrease in 
California from above go and in the high 80’s up to 1921, through the 
70’s, 60’s and even to the low 50’s in later years, are significant of in- 
creasing difficulty in finding new fields in these states. 

Texas shows a similar decline in percentage of oil wells from about 
70 for the period 1911-1923, to 50 and less during 1929-1930. The 
East Texas field caused an increase to above 70 in 1932-1934, but 
the remainder of the state has not increased greatly, showing 57 and 
59 per cent oil wells in 1933 and 1934, respectively. For the whole 
country, the increase in percentage of oil wells in the past few years, 
which has accompanied the campaigns of geophysical exploration and 
deep drilling, is believed to be lower than might reasonably be ex- 
pected. 

RARITY OF LARGE FIELDS 

It is obvious that the decreasing percentage of oil wells does not 
indicate a shortage of petroleum so long as fields of great magnitude 
can be found at sufficiently short time intervals. The fact that we 
have always needed a part of our biggest field or district, even in the 
times of our greatest excess production, has been noted previously. 
The necessity for large fields is even more strikingly brought out by 
a series of compilations by McIntyre showing the surprisingly large 
proportion of our petroleum produced from a relatively few fields. 

8 Frederic H. Lahee, Oil and Gas Journal (April 6, 1933). 
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The most recent of these compilations® shows that 48 fields have 
yielded 57 per cent of all the petroleum of the United States to the 
end of 1934. Even this list of 48 fields includes 8 fields which pro- 
duced, individually, less petroleum than the United States now uses 
in one month, although these fields range in age from 12 to 32 years. 

In other words, the petroleum industry has found only about 40 
fields of the magnitude of the new fields which must be found at rela- 
tively short intervals of time in the future if a shortage of petroleum 
is to be avoided. During its more than 75 years of effort which resulted 
in the finding of 40 fields (or say even 50 fields to include young ones 
which may become important), the industry has drilled thousands of 
exploratory wells; has condemned much of the productive territory 
for important new fields entirely to the bottom of the possibly produc- 
tive rock column; has carried drilling in most of the remaining pro- 
ductive territory to such depths that only large wells are profitable; 
and has made much of the unproductive but possible oil territory of 
slight attraction from the standpoint of wildcatting with the hope 
of discovering nationally important fields. 

It is believed that the small number of important fields among 
the thousands of small fields which have been found, gives a reason- 
able basis for a fear that we can not find such fields in the numbers 
and at the times necessary to prevent a shortage of petroleum. ~ 


EFFECT OF PRICE ON PETROLEUM PRODUCTION 


In several former studies similar to this one, much has been made 
of the effect of price in regulating the supply of petroleum, but no 
effort has been made to determine just what price increases would 
bring about any definite increase in the supply, or the effect on the 
consumers who would have to pay the higher prices. The fact is that 
the price control of petroleum production is so remote that it scarcely 
deserves consideration in a study of this sort and that no stated 
price schedule can be depended on to produce a required increase in 
production in a given time. The following facts are believed to sub- 
stantiate this statement. 

In the past the price of crude petroleum has risen at the first defi- 
nite indication of shortage and has remained high until the difficulties 
of storing the excess production caused a reduction in price. In several 
cases the momentum of new development, and the fact that petroleum 
can be produced from flush fields so much more cheaply than the 
average cost for all fields, have kept production rising rapidly in the 
face of rapidly falling prices. 


9 James McIntyre, Oil and Gas Journal (October 31, 1935). 
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The failure of increased price to bring out a new supply sufficient 
to meet the demand may be illustrated by one period that covered a 
crisis in our national history. During the war years and the following 
period of industrial recovery, the average price of crude petroleum 
rose from $0.64 in 1915 to $3.07 in 1920. The production also in- 
creased, but much more slowly, from 281,000,000 barrels in 1915 to 
443,000,000 barrels in 1920: or, in other words, increasing the price 
by nearly 5 times, increased the annual production only 1} times. 
During the same time the demand increased so rapidly that we used 
245,000,000 barrels of imported petroleum and 20,000,000 barrels 
withdrawn from storage. 

On the other hand, the average price by years from 1921 to 1929, 
inclusive, ranged between $1.17 and $1.88 with a low of $1.17 in 1928; 
and yet the production increased from 470,000,000 barrels in 1921 to 
1,000,000,000 barrels in 1929. 

The high prices of the period from 1917 to the middle of 1921 cer- 
tainly did stimulate the search for petroleum and hastened improve- 
ments in drilling methods which permitted greater depths to be 
reached and so brought on the flood of oil which began in 1922. In 
this respect, the high prices did bring about increased production, 
but it is maintained that the delay of 5 years in showing an increased 
production commensurate with increase in price and demand is too 
great for price control to be depended on as a means of preventing a 
shortage of petroleum, particularly in times of national emergency. 

The rapidly increasing prices from 1915 to 1920 did not bring 
about an increase of production in the old producing states of New 
York, Pennsylvania, Ohio, West Virginia, Illinois, and Indiana, but 
their combined production was about 15,000,000 barrels less in 1920 
than in 1915. This fact leads to a very obvious conclusion, but one 
which apparently is often overlooked, that increased prices do not 
bring about increased production from areas which are “worked out” 
for new fields. 


RECOVERY OF PETROLEUM BY SECONDARY METHODS 


A large quantity of petroleum will be left in the ground in present 
and future fields after the wells cease to flow and pumping becomes 
unprofitable. The quantity so left even in present producing fields 
is not capable of anything like accurate estimation, but is certainly 
several billions of barrels, at least as much as the past production 
and estimated reserves mentioned previously and possibly twice that 
amount—perhaps 30,000,000,000 to 60,000,000,000 barrels. This oil 
left in the ground has been presented as a reserve to be drawn upon 
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as needed, but only a small part is available at anything like present 
prices. 

The three methods of secondary recovery after flowing and pump- 
ing are water flooding, gas (or air) drive, and mining. Water flooding 
has been successfully applied to the Bradford field in New York and 
Pennsylvania where the producing sand is shallow, compact, much 
more uniform in thickness and porosity than the average sand, and 
was not flooded with water as a result of extraction of the petroleum 
by flowing and pumping, and where the oil commands the highest 
price paid in the United States. Water flooding has been largely re- 
sponsible for increasing the Pennsylvania-New York production from 
0.82 per cent of the United States total production in 1920, to 2.1 
per cent in 1934. The actual production by water flooding amounts to 
about 3 to 4 days supply in each year. Water flooding can certainly 
be applied in other cases where the conditions are similar to those in 
the Bradford field, but such conditions affect only a small part of the 
petroleum left underground. Probably no one has ever bothered to 
estimate the price scale under which water flooding could be applied 
to the lower priced oils left in the ground in fields where the sands 
lie at great depths; are highly variable in thickness and in porosity, 
both vertically and laterally; are already flooded with water under 
considerable hydrostatic head when flowing and pumping cease;-or 
are uncemented. Various combinations of these conditions apply to 
the fields which contain an overwhelming proportion of the oil left 
in the ground. 

Gas (or air) drive, or “repressuring”’ for secondary recovery, has 
so far been applied only to sands of the same general type as the 
Bradford sand and, as in the case of water flooding, no attempt has 
been made to apply it to deep, variable, water-logged sands. It was 
first used in Ohio about 1912, and Ohio’s production has declined 


from 12,128,000 barrels in that year to about 4,000,000 barrels in © 


1934 (Fig. 1). A few shallow, thin, uniform sands in Kansas, north- 
eastern Oklahoma, and in west-central and north Texas have shown 
favorable results with repressuring, but it has also been tried in 
several other cases without success. (Maintenance of pressure by in- 
troduction or return of gas to the sands during the flowing life of the 
field is not secondary recovery but an aid to flowing.) 

Mining has not been tried on a commercial scale in the United 
States and in only one or two places in Europe. In general, anything 
that may be said as to the high cost of recovery by water flooding and 
repressuring in most fields applies with even more force to any form 
of mining the oil or the sands. Sinking shafts to the necessary depths 


j 


| 
d 
; 
| 
. 
| 
] 
| 
| 
q 
| 
| 
| 
° 
¥ 


40 L. C. SNIDER AND B. T. BROOKS 


and driving tunnels in or below the sands, the method practiced in 
Europe, is practically unthinkable in the unconsolidated sediments 
of the Gulf Coast and California which contain much of the oil left 
in the ground. Gas given off by the oil would be a very serious if not 
insuperable handicap in many fields, and enormous quantities of 
water would have to be handled. 

The Committee of Eleven of the American Petroleum Institute 
states:'° 
Experiments are being made with mining processes and it is probable that 
they will develop to such an extent that the last stage in oil recovery, in 


many of our fields, will be that of bringing the partially saturated sand to 
the surface and washing or retorting it for the last barrel of oil it contains. 


At the time the report was issued, an estimate was made of the aver- 
age number of tons of sand that would have to be handled to recover 
a barrel of oil, in the different states, using the data on area of pro- 
ducing and proved acreage and oil left in ground as given by the 
committee and a conservative estimate of the sand thickness. The 
average number of tons of sand per barrel of oil ranged from 3.2 in 
Montana to 60 in New York, with the more important states as fol- 
lows: Kansas, 13 tons; Oklahoma, 15 tons; California, 10 tons; Texas, 
41 tons; Louisiana, 16 tons; Pennsylvania, 48 tons; Illinois, 38 tons. 
These figures can not be taken as accurate and in exceptional cases 
the number of tons of sand per barrel of oil is certainly considerably 
less. However, the idea of mining and retorting or washing even 2 or 
3 tons of sand for a barrel of petroleum, under the conditions in most 
of our oil fields, presupposes an extreme shortage of supply from wells, 
imports and substitutes, with resulting high prices that are almost 
unimaginable. 

In general, secondary recovery methods can be applied under a 
price scale for petroleum and its products similar to the present one, 
only under exceptional conditions. They promise to be of consider- 
able value in alleviating a shortage of petroleum from pumping and 
flowing wells, but a minor factor in preventing or postponing such a 
shortage. 

SUBSTITUTES FOR PETROLEUM 
SHALE OIL 

Shale has long been regarded as guaranteeing a plentiful supply 
of oil in the future, or as supplementing our petroleum supply, and 
so it may—at a price. The price ranges of petroleum in the United 
States have not been high enough to inspire any attempt to retort 


10 American Petroleam—Supply and Demand (1925), p. 49. 
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oil shale on a large commercial scale. This very fact makes it im- 
possible to say at what price level, for crude petroleum, shale oil 
can begin to compete. Perhaps $2.50 per barrel for average Mid- 
Continent crude at the well may be such a price level. For the great 
oil shale deposits of Colorado, Utah, and Wyoming the estimates of 
the cost of mining vary from a low figure of 40 cents a ton for open- 
cut methods to as high as $2.50 a ton for selected mining. According 
to the United States Bureau of Mines, the estimated average yield 
for a thickness of 500 feet in the famous Green River formation of 
Colorado is about 15 gallons per ton, selected sections running much 
higher. 

This average yield would require the mining and processing of 
about 2,500,000,000 tons of shale per year, or more than 7,000,000 
tons per working day to supply the same amount of oil now con- 
sumed in the United States. Higher petroleum prices may stimulate 
the gradual development of oil shale distillation, beginning with se- 
lective mining of richer shale in favorable localities. 

In the second report (1928) of the Federal Oil Conservation 
Board, it is stated that “an oil shale industry in the United States, 
to be successful, would need to be operated on an extremely large 
scale, possibly on a larger scale than any mining operations” and that 
“the small shale operator would doubtless find it practically impos- 
sible to compete with the lower costs of mining and retorting that 
would be realized only by large scale operation.” This fact, together 
with the close chemical resemblance of shale oil and petroleum and 
the existing equipment for the transportation and refining of petro- 
leum and distribution of its products, now possessed by the larger re- 
fining companies, makes it altogether probable that when we are 
ready for shale oil the petroleum refiners will produce and refine it 
unless the processes using coal prove to be the cheaper. 

The initial investment in mining, retorting, and refining equip- 
ment would be so high that the building of such plants might not 
be justified until after a period of several years of high prices due to 
petroleum shortage. Assuming the ultimate establishment of a huge 
shale-oil industry, it is a question if this would afford any relief as 
to cost, or would restore all of the uses of petroleum as it is con- 
sumed to-day. The fact that a small shale-oil industry exists in Scot- 
land is no indication that such an industry could now successfully 
be established here. The shale-oil industry of Scotland has survived 
from a period when the average yield of oil was 33-36 gallons per 
ton, and the torbanites then available gave very much higher yields. 
The cost of labor was then much lower, the price of petroleum was 
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much higher than in recent years, and the shale mined much nearer 
the surface than now. It now costs 5-6 shillings per ton to mine the 
shale and with the best Scotch economy the crude shale oil costs 4.5 
pence per gallon (British) or about $3.25 per barrel. Furthermore, the 
gasoline from this source is exempt from a tax of 8 pence per British 
gallon or 12.8 cents per U. S. gallon, which tax is paid by imported 
gasoline or gasoline made from imported petroleum. The shale oil 
manufacturers also enjoy a tax recently imposed on Diesel oil from 
foreign sources. 

It is probable that the Colorado shales could be mined by large- 
scale mining methods at much lower costs than the Scotch practice. 
Larger retorts, such as the Catlin retort, should also lower the oper- 
ating costs, but lacking such operations we venture no estimate of 
costs under American conditions. 


MOTOR FUEL AND OIL FROM COAL 


It is well understood that the retorting of coal can not produce 
sufficient motor fuel to be a factor in the situation. The entire tonnage 
of bituminous coal retorted in the United States in 1926 yielded 1.02 
per cent of our motor fuel requirement in 1925. Since then gasoline 
consumption has increased nearly 50 per cent and our benzol pro- 
duction has declined. The production of benzol in 1934 was 0.37 per 
cent of our motor fuel output. Practically all of the coke required for 
metallurgical purposes is now made in by-product ovens, in which 
benzol recovery is the rule. Any possible increase in benzol production 
from the coking of coal for metallurgical purposes would be negligible 
from the motor fuel standpoint. 

It has been suggested that our future motor fuel requirement could 
be produced by pressure cracking of the tar made by low-temperature 
carbonization of coal. It is possible that up to a certain point such a 
process might be a factor in alleviating a shortage of motor fuel, but 
it should be pointed out that several attempts to carry out the low- 
temperature distillation of coal in the United States have been in- 
dustrial failures. Low-temperature carbonization of coal and pressure 
cracking of the tar was discussed by A. C. Fieldner in a report by the 
United States Bureau of Mines to a subcommittee on petroleum of 
the last Congress,"' who stated that, on the assumption of a total 
yield of 10 gallons of motor fuel per ton of coal, 136,000,000 tons of 
coal would have yielded only 8 per cent of our gasoline in 1932. 


" Petroleum Investigations, op. cit. p. 1375. 
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Fieldner concluded that, “We must turn to a process in which motor 
fuel is the principal product rather than a by-product.” 

On the other hand, the trend of large-scale developments in 
England and Germany is toward hydrogenation of coal. In the latter 
country coal hydrogenation yields about 80 gallons per short ton of 
coal. By 1936 it is reported that the German plants will be hydro- 
genating 2,500,000 tons of coal annually, producing about 200,000,000 
gallons of gasoline in this way. In England a coal hydrogenation plant 
has been erected which is reported to have an annual capacity of 
about 55,000,000 U. S. gallons of gasoline when operating on coal and 
tar, or about 70,000,000 gallons when hydrogenating tar. 

It should be particularly pointed out that in England gasoline 
made by hydrogenation of coal is exempt from the tax equivalent to 
12.8 cents per U. S. gallon and in Germany the process is favored by 
a similar tax exemption of 220 marks per ton or about 24 cents per 
U. S. gallon. It can not be assumed in either case that the tax differ- 
ential is a measure of the difference in cost between gasoline from 
petroleum and from coal, since in both countries these plants are 
considered to be a step in the national security programs of these 
countries and to be maintained and developed by the indirect subsidy. 

The cost of manufacturing motor fuel from coal by hydrogenation 
in England is reported to be 15 to 17 cents per U. S. gallon, which is 
to be compared with an average refinery price for gasoline of less than 
5 cents per gallon in the United States for the past few years. 

In the United States the next step in the direction of greater 
gasoline yields may be the combination of hydrogenation with 
pressure cracking, as suggested by Russell, Gohr, and Voorhees.” 
The average gasoline yield by cracking alone is about 60 per cent, 
and by complete hydrogenation about 108 per cent. The latter is an 
increase of about 80 per cent over that by pressure cracking alone. 
The hydrogenation of a portion of the recycle stock as suggested by 
Russell, Gohr, and Voorhees provides an optional flexibility as to 
gasoline yields. As indicated by the fuel oil statistics given below 
there is relatively little margin for increasing our gasoline production 
by the installation of more cracking units. Hydrogenation provides 
a means of substantially increasing the gasoline yield; less cracked 
fuel oil residuum would of course be produced. 

The yields of gasoline from two German brown coals, as the 
process is now operated (1935), have been given by Pier as follows: 


® Jour. Inst. Petrol. Tech. Vol. 21, No. 139 (May, 1935), p- 352- 
3 J.S.C.1., Vol. 54 (1935), p. 284. 
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OIL YIELDS ON HYDROGENATING TWO BROWN COALS 


I II 
Per Cent Per Cent 

Yields 


In Germany and England, the scale of industrial operations in- 
dicates that motor fuel is more cheaply produced by the hydrogena- 
tion of coal than by the reduction of water gas. 

It will be noted in both distillation of shale and the hydrogenation 
of coal, that several years will be required to build them up to any 
magnitude. In the event of a national emergency such as war, the 
emergency would be settled one way or another long before any large 
part of our gasoline demand could be supplied from these auxiliary 
sources. 

Another possible source of motor fuel, lubricants, and wax is a 
modification of the synthetic methanol process. In this process, upon 
which work was started by the Badische Company by F. Fischer and 
Patart in 1913-1914, water gas is reduced by excess hydrogen to light 
hydrocarbon oils. According to data recently published by Fischer, 
1,000 cubic feet of water gas will yield about 1.1 gallons of light 
hydrocarbon condensate, part of which is suitable for motor fuel. 
The yields are lower than those of synthetic methanol and the costs 
per gallon higher. 

The lubricating oils made by Fischer are made by polymerizing 
the unsaturated hydrocarbons in the lighter fractions, or by chlorinat- 
ing and treating with metallic aluminum. These oils have the charac- 
teristics of lubricating oils of the paraffinic or Pennsylvania type. 
However, it should be pointed out that the lubricating oil now manu- 
factured in the United States represents less than 3 per cent of the 
crude and that much more could be manufactured from our present 
crude supply, if it were needed. Lubricating oil has also been manu- 
factured by the polymerization of cracked paraffine wax and other 
olefines, and by the hydrogenation of heavy oil residues. We could 
therefore manufacture an adequate supply of lubricants from a much 
diminished crude supply. 


INCREASED EFFICIENCY IN MANUFACTURE AND UTILIZATION 


So far as consumption is concerned, the question of an adequate 
supply of petroleum has primarily to do with motor fuel, since gasoline 


4 Brennstoff Chemie, Vol. 16, No. 1 (1935). 
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accounts for 47 per cent of our crude oil consumption. A shortage of 
domestic crude petroleum will be a great stimulus to increased 
efficiency in manufacture and utilization. The expected normal in- 
crease in consumption may largely be compensated by increased 
efficiency in utilization. 

The manufacture of natural gasoline in recent years has in general 
followed the production of crude oil, and reached a peak in 1929, as 
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Fic. 2.—Survey of relative production of straight-run, cracked, and natural gasolines 
during the past 17 years. From Oil and Gas Journal (March 21, 1935), p. 33. 
shown in Figure 2. The amount of natural gasoline. manufactured per 
barrel of crude oil produced has been nearly constant at 2 gallons, 
since 1926. Decreasing domestic crude production will further curtail 

the amount of gasoline available from this source. 

During the past year processes for the manufacture of gasoline 
from uncondensed refinery gas and such material as ethane, propane, 
butane, and the gaseous olefines have come into commercial opera- 
tion. With the interest which always is aroused by a new process the 
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relative importance of this gasoline as a new source of motor fuel has 
been somewhat exaggerated. The new production from this source 
partly offsets the higher gas losses occasioned by the use of higher 
cracking temperatures which are being employed to meet the demand 
for higher octane-value motor fuels. The yield of uncondensed gas 
formed in cracking averages about ro per cent of the original cracking 
stocks, of which about one-third (in weight) may be recovered as 
motor fuel by gas “polymerization” processes. The processing of 
all cracked refinery gas would add 2.5 per cent to our gasoline pro- 
duction, based on 1934 figures. A much more important potential 
new source of motor fuel is the cracking and “polymerizing” of the 
crude propane and butane in natural gas. Of the available butane 
about one-fourth is now incorporated in motor fuel. According to 
Oberfell® the total amount of liquefiable petroleum gases, mostly 
propane, available from the natural gasoline industry amounts to 
between 10,000,000 and 13,000,000 gallons per day, of which he 
estimates that about 50 per cent exists at plants too small to justify 
its separation and transportation. By a yield of 50 per cent of liquid 
motor fuel by pyrolysis and polymerization the possible new pro- 
duction of motor fuel from this source may be as much as 985,000,000 
gallons per year or about 5.8 per cent of our present gasoline require- 
ment. 

The manufacture of polymer gasoline is important for another 
reason, that is, the high anti-knock value of such gasoline. 

The use of higher compressions in automobile engines is always 
considered as in the interest of motor fuel conservation and greater 
engine efficiency. The average compression ratio of 18 of the leading 
cars in 1934'° was 5.83:1 and for the same makes of cars in 1935 the 
ratio was 5.99:1. The average octane number of the regular non- 
premium grades of gasoline sold in the eastern United States in 1934 
has been estimated at 69-70 and for 1935 at about 70~-71. Straight- 
run gasoline has an average octane number of about 55, the more 
paraffinic gasolines being as low as 45. In 1934 about 50 per cent of 
the gasoline made (in the United States) was straight-run gasoline 
from crudes. Re-forming or cracking such straight-run gasolines, 
particularly those of the more paraffinic type, becomes more and 
more imperative as the engine compression ratios are raised. The 
losses in the form of gas, heavier oil, and tar, resulting in such re- 
forming cracking, are as high as 20 per cent. The conservation of 
gasoline effected by higher engine compression is therefore not all 
clear gain. 


% G. G. Oberfell, Oil and Gas Jour. (November 17, 1932). 
16 Willson, Oil and Gas Jour., Vol. 33, No. 35 (1935), p. 16. 
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The use of Diesel oil in motor cars is evidently possible. Six 
American firms have placed high-speed automotive Diesel engines on 
the market and eleven American manufacturers of trucks are pre- 
pared to supply Diesel engines when specified. The first cost is 80—- 
100 per cent higher than gasoline engines of the same displacement, 
for example, a 4-cylinder go-horsepower Diesel engine being quoted 
by the manufacturer at $1,550 and 6-cylinder engines considerably 
higher. However, if such equipment meets with popular favor Diesel 
oil will supplement gasoline. The use of Diesel oil in England, for 
automotive use, has become important enough to have had a motor 
fuel tax imposed upon it this year. 

Since Diesel oil is included in the heavier fractions now used as 
cracking stocks yielding 60-65 per cent gasoline by cracking, and 
since Diesel oil gives a much greater car mileage, nearly double that 
of gasoline, it is apparent that the use of Diesel fuel in automotive 
engines will be greatly stimulated by petroleum shortage and its 
adoption would be helpful in alleviating the effects of a domestic oil 
shortage. 

Under the conditions of an oil shortage, refineries with little or 
no production of their own, will operate, if at all, under an increasingly 
serious handicap. Low-priced “distress” crude will be unknown. 
According to the survey of domestic reserves held by American com- 
panies, made recently by J. H. Lewis of Goodbody and Company, 
gi per cent of our proved reserves are owned or controlled by nineteen 
companies. That the executives of certain companies realize the 
approaching situation is possibly indicated by the fact that at the 
end of 1934, fifteen companies held in fee or under lease 30,000,000 
acres of non-productive land. A few companies have greatly increased 
their reserves in South American fields in recent years. 

The relative proportions of the major refining products has con- 
tinually changed through the whole history of the industry. The 


TABLE II 
PRINCIPAL PRODUCTS FROM CRUDE OIL 

Year —_— ond Kerosene Gas Oil and Lubricants 

aphtha Per Cent Fuel Oil Per Cent 

Per Cent niles Per Cent 

1914 18.2 24.1 46.5 6.6 
1918 25-3 13-3 53-5 6.2 
1920 26.1 12.7 48.6 oe 
1922 28.8 11.0 50.9 4-7 
1924 gt.2 9-3 49.8 4-3 
1926 34-9 7-9 46.9 4-1 
1928 37-4 6.6 46.7 3-8 
1930 42.0 40.2 
1932 44-7 5-3 35-9 2.7 
1934 47-4 6.0 37°5 2.8 
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changes in the years 1914-1934 are shown in Table II. High price 
levels will certainly cause a further change, the products of lower 
value becoming more and more restricted with advancing prices. 

The industries that will be affected by higher prices and the con- 
servation of fuel oil for cracking are indicated in the following data 
from the United States Bureau of Mines. 


TABLE III 


Uses or Gas Ort AND FuEt Or IN UNITED STATES 
(In 1,000 barrels of 42 gallons each) 


Industry 1926 1928 1931 
Gas and electric power plants.............. 33,651 30,901 24,490 
Iron and steel products.................... 16,102 19,429 12,855 
Smelters and mines.......... 8,041 6,897 3,626 
Chemicals and allied industries............. — 3,400 2,907 
Automotive industries..................... 1,603 3,628 1,783 
Logging and lumber...................... 3,183 2,673 1,667 
23,017 10,023 9,998 
Commercial heating...................... 13,874 16,427 15,731 
3,905 5,971 10,466 
Furnace oils, domestic.................... 6,300 8, 300 14,213 
48,701 50,044 51,196 
Miscellaneous......... 7,514 12,757 10, 266 
6,541 8,368 9, 203 


It should be pointed out that the foregoing figures include the 
fuel oil produced in cracking for gasoline. In 1934 the total domestic 
consumption of fuel oil was 325,000,000 barrels, of which 178,000,000 
barrels was residual oil from cracking. The remaining uncracked fuel 
oil is mostly heavy oil of relatively little value as cracking stock. This 
shows very clearly that our supply of motor fuel can be increased 
very little from our present crude supply by cracking without cutting 
into other important established uses. As already noted, the manu- 
facture of gasoline from heavier oil by hydrogenation eliminates the 
formation of residual fuel oil entirely, and the combination of cracking 
and hydrogenation recommended by Russell, Gohr, and Voorhees 
decreases it substantially. In so far as these methods are applied, 
gasoline production may be increased at the expense of fuel oil. 
Without relief by importing more crude, a decrease of 12 per cent in 
the supply of average grade of crude would require the diversion to 
cracking stock of an amount of gas oil and fuel oil equal to the com- 
bined amount now used as furnace oil, by commercial and domestic 
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heating, by the gas and electric industry plus all of the kerosene now 
produced. Or such a decrease in crude production, if compensated 
for by increased cracking, would require the diversion for cracking 
to gasoline, of more fuel oil than is now used by the United States 
Navy and all the steamships supplied by American fuel oil. 

What would naturally happen, unless the situation is relieved by 
greater imports, would be a readjustment of prices all along the line. 
The trend shown in Table II may be expected to continue. 

If the cost of gasoline becomes high enough to consider any of the 
substitutes already mentioned, the use of small, low-powered auto- 
mobiles may be favored which would reduce the gasoline require- 
ment and would have far-reaching effects on the automobile and 
allied industries. The effect of relatively high motor fuel costs, plus 
high taxes, in favoring low-powered cars is already shown in Europe 
to a conspicuous degree where gasoline now retails at 86 cents per 
gallon in Italy and 56 cents per gallon in Germany. 


SUMMARY AND CONCLUSIONS 


A consideration of probable rate of domestic consumption, decline 
of production from present producing fields, and the chances of dis- 
covering new fields leads the writers to the conclusion that there is a 
possibility of a shortage of domestic petroleum in the United States 
as early as 1940, and a probability of a considerable shortage by 1945. 

Secondary methods of recovery of petroleum will probably be 
important in alleviating a shortage of petroleum produced by primary 
methods, but are believed to be small factors in preventing such a 
shortage. 

Known substitutes are higher priced than petroleum, but our 
knowledge of them is not sufficient to give any schedule of investment 
necessary to replace any certain portion of our petroleum with any 
one of them, or to estimate the shift in industry and man power neces- 
sary to accomplish this purpose. 

At present, it appears that the establishment of substitute in- 
dustries on a large scale can not be undertaken reasonably until a 
continuing shortage of petroleum brings about some assurance of a 
permanently higher scale of prices for motor fuels and other products 
for which we now depend on petroleum. Large oil-shale or coal dis- 
tillation and hydrogenation plants would be questionable invest- 
ments so long as there are chances of a new oil field like East Texas 
reducing the price of petroleum products below the scale at which 
the plants could operate. In any case, a general shift to substitutes 
means the establishment of new industries, and the decay of the 


= 
oF 
A 
‘ 
age. 
7 
Pic 


5° L. C. SNIDER AND B. T. BROOKS 


production and refining branches, and a large part of the transporta- 
tion branch of the petroleum industry as they now exist. 

Increased efficiency in refining to produce more motor fuels has 
reached the point where further progress will cut into other products 
for which there is an established market. Any great movement in this 
direction will evidently result in a generally higher price schedule for 
all products. Increased efficiency in other lines seems to wait on a 
shortage of petroleum and higher prices for its products rather than to 
anticipate a shortage. 

A possible shift in usage, as from gasoline to Diesel oil, means the 
obsolescence of much of our refining equipment. As the shift is made, 
the price differential will change and the now cheaper and untaxed 
product will rise in price and assume its share of taxes until the price 
differential is reduced or obliterated. In other words, a shift from 
gasoline to another fraction of petroleum, will duplicate, in greater or 
less measure, the history of the shift from kerosene to gasoline as the 
desired product, and will not necessarily mean any important re- 
duction in demand or lowering in price of petroleum. 

Imports are subject to such complete control by tariffs and em- 
bargoes that their future course is unpredictable. 

The prospect is apparently for a continuation or only slight modi- 
fication of the present situation until a shortage of domestic petroleum 
materializes. Domestic petroleum will then gradually be replaced by 
imports and substitutes in relative proportions and at price schedules 
not now predictable beyond a practical certainty that the prices will 
be appreciably higher than the present ones. When the shift to im- 
ports and substitutes comes, the United States will have lost any 
national advantage that an ample supply of cheap, domestic, pe- 
troleum may have given it in the past. 


ACKNOWLEDGMENT 


Statistical information in reports of the United States Bureau of 
Mines and the United States Geological Survey; in the annual reviews 
of petroleum production in the Transactions of the American Institute 
of Mining and Metallurgical Engineers; and in the annual statistical 
numbers of the Oil and Gas Journal and the Oil Weekly have been 
used freely in the preparation of this paper. 


i 
) 
q 
4 
| 
| 
4 4 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 20, NO. 1 (JANUARY, 1936), PP. 51-67, 11 FIGS. 


STRUCTURE ELEMENTS OF DOMES! 


ROBERT BALK? 
South Hadley, Massachusetts 


ABSTRACT 


The anticlinal structure of oil domes has a counterpart in domical flow layers of 
salt domes and intrusive domes. The latter commonly possess, in addition to flow layers, 
flow lines that record directions of maximum lengthening within the planes of flow. 

Fracture systems in intrusive domes can be directly correlated with directions of 
maximum lengthening: cross joints are arranged normal to the flow lines, and may 
constitute fans, the individual planes dipping into the mass. Other fracture systems 
show similar relations to the elongation in the plastic stage, and joint systems in oil 
domes may be interpreted with considerable accuracy if they bear the same relations 
to the apex of a dome as do the corresponding fractures in intrusive domes. Since they 
may act as feeders of fuels, or as mineralizing avenues, studies along this line deserve 
attention. 


GENERAL STATEMENT 


With oil and salt domes, many intrusions share the domical form. 
The internal structures of the two groups are similar, although de- 
veloped through very different mechanical processes. For some time, 
the internal structures of intrusions have been studied in detail; and 
the results now available make possible a preliminary comparison of 
their flow and fracture systems with comparable systems in oil domes. 
The interpretation of joint systems in oil domes may be placed on a 
firm basis if a close relationship to joint systems in intrusions can be 
established, and vice versa. The study of fractures in the vicinity of 
certain shallow-level intrusions will benefit from comparative studies 
in oil-dome fracture mechanics. Since joint and fault systems are 
important for the circulation of water, fuels, and mineralizing solu- 
tions, research along this line has a bearing on economic problems. 


I. DOME STRUCTURES DUE TO BENDING, OR FLOW 


The domical arrangement of stratification planes in ordinary oil 
domes has a counterpart in arched, or domical ‘‘flow layers” of salt 
domes and dome-shaped intrusions. The development of flow layers 
in salt domes has been discussed by Seidl,? Wegmann,‘ Lachmann,’ 

1 Read before the Pacific Section of the Association, at Los Angeles, November 8, 
1934. Manuscript received, September 13, 1935. 

2 Department of Geology, Mount Holyoke College. 

3 E. Seidl, permische Salzlagerstitte im Graf Moltke Schacht, Preuss. 
Geol. Landesanst. Archiv f. Lagerstdttenforschung, Heft 10 (1914), 104 pp. 
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M. I. Goldman,® Busk,’ and others. In mildly deformed salt domes, 
the layers seem to represent original differences in mineralogical com- 
position due to precipitation (‘‘annual rings” of German geologists), 
arched up since deposition. In intensely deformed domes, however, 
the original layers have been isoclinally folded, and the peripheral 


Fic. 1.—Block diagram, illustrating complex folding within salt dome of Benthe, 
Germany. Modified after K. Stier. Black with white dashes: wall rocks, Triassic 
sandstone. M.A.: marginal anticline. C.A.: chief anticline. Heavy black layer within 
salt dome represents top of so-called “older salt series.’ Younger salt succession with 
potash salts indicated by numerous lines. 
dome structure is due to adjustment of the limbs to a roughly domical 
chamber. Inside the German salt domes, the layers may be arranged 
complexly, and without symmetry, although the borders are sym- 
metric (Fig. 1). Extreme plastic deformation of folded layers tends 
to obliterate the apices of folds because the limbs, in advanced stages 
of deformation, function as glide planes. Each local mass of salt is 


, “Die Salzstécke des deutschen (germanischen) und des Alpen-Permsalz- 
Gebietes; ein allgemein-wissenschaftliches Problem,” Kali, Vol. 21 (1927), 71 pp. 


*C. E. Wegmann, “Uber Diapirismus (besonders im Grundgebirge),” Comptes 
Rendus Soc. Géol. de Finlande, No. 3 (1930), 19 pp. 


5 R. Lachmann, “Der Salzauftrieb,” Kali, Vol. 4 (1911), Pt. 1 and 2, 130 pp. 


6M. I. Goldman, “Petrography of Salt Dome Cap Rock,” Geology of Salt Dome 
Oil Fields, Amer. Assoc. Petrol. Geol. (1926), pp. 50-86. 


7H. G. Busk, Earth Flexures, Cambridge Univ. Press (1929), p. 88. 


5K. Stier, “Strukturbild des Benther Salzgebirges,’’ Jahresber. d. Niedersdchs. 
geol. Vereins (Hannover), Vol. 8 (1914), Figs. 1, 5, 7, 9. 

E. Harbort, “Zur Frage der Aufpressungsvorgiinge und des Alters der nordwest- 
deutschen Salzvorkommen,” Kali, Nr. 5 (1913), p. 119, Fig. 51; p. 117, Fig. 40. 

R. Lachmann, “Studien iiber den Bau von Salzmassen,” Pt. 2, Kali, No. 22 (1910), 
pp. 478-83, Figs. 99-106. 

E. Seidl, “Die permische Salzlagerstiitte im Graf Moltke Schacht,” Preuss. 
Geol. Landesanst., Arch. f. Lagerstaittenforschung, Heft 10 (1914), pp. 86-89. “Die 
Salzstécke des deutschen (germanischen) und des Alpen-Permsalzgebietes,”’ Kali, 
Vol. 21 (1927), pp. 19, 25. 
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lengthened within the planes of the limbs, and thinned normal to 
them. That apices and, with them, proof of former folds must be 
destroyed by this process, has been pointed out recently by B. 
Sander.® 

Flow layers in intrusive domes are arranged in a similar manner 
(Fig. 2). The layers, however, hardly ever pass through a stage of 
folding, but develop in all probability through flattening of original 
local inhomogeneities of the magma, parallel to the nearest friction- 
exerting surface.’ Thus the orientation of each group of flow layers 
records local planes of maximum elongation, due to deflection of the 


general upward movement along the resistant and retarding chamber 
walls. 


Fic. 2.—Flow layers of hornblende, biotite, and titanite, in granodiorite of 
Sierra Nevada. North San Juan, California. 


In contrast to oil-dome structures, some intrusive domes possess 
an important additional structure element, known as flow lines. 
A certain number of the minerals are arranged in linear streaks, 
oriented in more or less constant azimuths within reasonably small 
districts. Crystal grains of prismatic habit commonly lie with their 
longest axes in the same direction (Fig. 3). The lines record the 
direction of maximum lengthening during the period of incipient 
- ® — Sander, Gefiigekunde der Gesteine, J. Springer, Vienna (1930), pp. 253-56, 

ig. 126. 


10 J. P. Iddings, ““The Nature and Origin of Lithophyse and the Lamination of 
Acid Lavas,”’ Amer. Jour. Sci. (3), Vol. 33 (1887), pp. 36-45. 

H. Cloos, “Einfiihrung in die tektonische Behandlung magmatischer Erschein- 
ungen,” Pt. 1, Das Riesengebirge in Schlesien, Berlin, Gebriider Borntraeger (1925), 
Pp. 52-56. 
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crystallization. Wherever layers and lines of flow are developed, the 
lines lie within the flow layers (Fig. 4). In that case, the three axes of 


Fic. 3.—Faint linear parallelism of labradorite crystals in anorthosite, Shattuck 
Clearing, Long Lake Quadrangle, Adirondack Mountains. 


the local deformation ellipsoid can be determined. The longest axis 
coincides with the lines, the mean axis lies within the layers, normal 
to the lines, the shortest axis stands perpendicular to the layers. The 


Fic. 4.—Ledge of gneissic granite, showing both flow layers and flow lines. Clove 
Quadrangle, New York. Surface of flow layer dips toward observer. Lenticular streaks 
of biotite pitch down, parallel with handle of hammer, coinciding approximately with 
dip of layer. Cross joints, perpendicular to flow lines, dip away from observer. One 
shows at iron of hammer, others at left below. 
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direction of principal propagation of the mass and the directions of 
local lengthening may, or may not, coincide. 


One of the most carefully surveyed intrusive domes is the granite of 
the Riesengebirge in Germany." From an axis that makes a rectangular 
bend, the flow layers slope down gently in one direction, more steeply in the 
other. The axis is regarded as the zone of maximum magma supply, and the 
slope of the layers seems to reflect the configuration of the roof. Similar is 
the structure of the Carnmenellis and Dartmoor granite domes in Corn- 
wall-Devonshire, England (Fig. 5).!* The flow layers also constitute gentle 


Fic. 5.—Idealized structure diagram of intrusive dome with flow layers and flow 
lines. Flow layers (shown on frontal face) correspond in position with arched sediments 
of oil domes. Flow lines of phenocrysts and micaceous streaks (on top surface) form 
imaginary arches of NW.-SE. trend throughout the massif. Fan of cross joints, normal 
to flow lines, shown on frontal face. Orientation of structure elements corresponds 
broadly with features of Cornwall-Dartmoor granites, England. Lower half of diagram 
conjectural. 


domes, and here the phenocrysts of orthoclase are arranged in linear order, 
trending NW.-SE. It is held that, while prying domical chambers into the 
crust and flowing along planes subparallel to the chamber walls, the con- 
gealing magma has been drawn out in NW.-SE. a little more than in other 
directions. The areal geology renders it probable that in this instance the 
linear direction of the feldspar crystals coincides with the principal propaga- 
tion of the magma; there is evidence that the granites arose from a fault zone 
along the southeastern contacts and thence proceeded obliquely to the north- 
west. 


1H. Cloos, op. cit. 


2 J.S. Flett and J. B. Hill, “The Geology of the Lizard and Meneage,”’ Mem. Geol. 
Survey England and Wales (1912). 

J. B. Hill and D. A. MacAlister, “The Geology of Falmouth and Truro and of 
the Mining District of Camborne and Redruth,” Mem. Geol. Survey England and 
Wales (1906). 

A. E. Ussher, G. Barrow, and D. A. MacAlister, “The Geology of the Country 
around Bodmin and St. Austell,” Mem. Geol. Survey England and Wales (1909). 

C. Reid and Others, “The Geology of Dartmoor,’ Mem. Geol. Survey England 
and Wales (1912). 
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The granodiorite of the middle Sierra Nevada, California, exhibits also 
records of layered and linear flow." In the vicinity of Yosemite Valley and 
Donner Pass, flow layers accompany the principal contacts as systems of 
steeply dipping structure planes or, in places, dip with the contacts to the 
northeast. Towards the interior, the layers flatten out, converging after the 
fashion of domes. Linear order of hornblende and biotite crystals, also of 
spindle-shaped segregations and tracts of foreign inclusions, shows an arch 
structure, the individual lines trending approximately NE.-SW., across the 
range. The linear expansion seems to have been caused by lateral yielding 
of the principal contact walls in the NE. and SW., respectively. 

In the Strehlen massif, Germany," the arch has a N.-S. axis, and the 
trend of the lines is E.-W. In this massif, flow lines are the sole structure, 
flow layers being relegated to rare marginal features. It is held in this in- 
stance that the chamber, developing through widening of a fault zone, trend- 
ing N.-S., opened a little more E.-W. than in other directions. The arch of 
flow lines therefore is the combined result of the upward movement of the 
intrusion and the lateral expansion E.-W.™ 


The symmetry of the domical form is, of course, commonly marred 
by smaller irregularities. A dome may be elongated parallel with 
regionally important structure lines, may have flat-topped sections, 
or spurs and shoulders; oval or circular depressions are known in 
several salt domes," and it is possible that some of the German salt 
domes commenced as smaller, adjacent anticlinal masses, gradually 
coalescing and enveloping partitions of wall rocks. At least, the frag- 
ments of stratigraphically higher rocks in the midst of some salt 
domes, and the long-drawn-out limbs of isoclinal folds suggest some 
such development. Flat-lying, glacier-like extensions of the tops of 
salt domes seem to be known from Persia only,'’ although in some 
American cases the top of a salt dome bulges somewhat outward."* 


3 E. Cloos, “Structure of the Sierra Nevada Batholith,” 16th Internat. Geol. Congr. 
Guidebook No. 16 ( 1933), pp. 40-45. “Structural Survey of the Granodiorite South of 
Mariposa, California,’ Amer. Jour. Sci., Vol. 23 (1932), pp. 289-304. “Der Sierra 
Nevada-Pluton,” Geol. Rundschau, Vol. 22 (1931), pp. 372-84. 

W. D. Johnston, Jr., and E. Cloos, “Structural History of og Fracture Systems 
at Grass Valley, California,” Econ. Geol., Vol. 29 (1934), Pp- 39- 

E. B. Mayo, ‘Some Intrusions and Their Wall Rocks in the’ -= Nevada,” Jour. 
Vol. 43 (1935), PP. 673-89. 

H. Cloos, “Bau und Bewegung der Gebirge in Nordamerika, Skandinavien und 
Mitteleuropa, ” Fortschr. Geol. und Pal., Vol. 7, No. 21 (1928), pp. 237- 327. 

“4H. Cloos, “Der Mechanismus tiefvulkanischer Vorginge,” Sammlung Vieweg, 
Braunschweig, Vol. 57 (1921), pp. 9-17. “Geologie der Schollen in schlesischen Tiefen- 
gesteinen,” Abh. Preuss. Geol. Landesanst., N. F., Vol. 81 (1920), PP. 12-43. “Der 
Gebirgsbau Schlesiens”’ (Berlin) Gebriider Borntraeger (1922), pp. 89-9 

% A detailed ay erg of these and other intrusions may be found i in a forth- 
coming memoir of the Geol. Soc. of America by the writer. 

16 R. Lachmann, “Der Salzauftrieb,”’ Kali, Vol. 4 (1911), Fig. 23, opp. p. 64. 

17 J. V. Harrison, “Salt Domes in Persia,” Symposium on Salt Domes, Inst. Petrol. 
Technologists (London, 1931), pp. 300-20, with bibliography. 

18M. A. Hanna, “Geology of the Gulf Coast Salt Domes,’ Problems of Petroleum 

Geology, Amer. Assoc. Petrol. Geol. (1934), Figs. 6 (No. 5), 15, 16, 17. 
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It would be interesting to know whether flow layers in these bulging 
portions conform to the change in dip. Although flat-lying branches 
occur commonly in the vicinity of larger intrusions, the dome struc- 
ture of flow layers does not seem to be affected by them. The offshoots 
are usually due to later injections. 

It is a fair assumption that many more intrusions possess dome 
structures of their primary flow structures than is known at present, 
and further research along this line is in progress. 


2. FRACTURE SYSTEMS IN DOMES 


The arched sediments of oil domes are commonly fractured and 
faulted. While the time in the field may rarely permit detailed 
measurements of ordinary joints, faults in oil domes have often been 
studied, and the faulted domes of Wyoming’ and California”® are 
well known examples. Since fractures in rising salt domes have largely 
been heaied by saline precipitation, information on joints in salt 
domes is exceedingly scanty, but faulting of salt layers has been 
illustrated from practically all areas of salt domes. 

Joints and faults in igneous domes have been studied in detail, 
and there seem to be common relations in all groups of domes so that 
a brief review of those fracture systems that are emecietes with 
domical expansion of intrusions may be of interest. 

Cross joints—Wherever an intrusion develops flow lines (p. 53), 
tension joints can be recognized, running perpendicularly to the 
direction of maximum lengthening. Since they cross the lines they 
have been termed cross joints (Fig. 6). They must have developed so 
soon after the mass crystallized that they reproduce exactly the same 
distribution of stresses as the flow lines. Strike and dip of cross joints 
vary harmoniously with any variation in trend and pitch of the flow 
lines. In massifs where flow lines form an arch, the cross joints are 
arranged into a fan structure (Fig. 5), the individual planes dipping 
into the intrusive along the margins, and stand more or less vertically 
near the apex of the flow-line arch. 


19 C, H. Wegemann, “The Salt Creek Oil Field, Wyoming,"’ U.S. Geol. Survey Bull. 
670 (1918), Pls. 1 and 2. 

D. F. Hewett, “Geology and Oil and Coal Resources of the Oregon Basin, Mee- 
teetse, and Grass yea Basin Quadrangles, Wyoming,” U.S. Geol. Survey Prof. 
~~ 145 (1926), Pls. 1, 

W. T. Thom, Jr., et E. M. Spieker, “The +e of Geological Conditions 
in Naval Petroleum Reserve No. 3, Wyoming,” U.S. Geol. Survey Prof. Paper 163 
(1931), Pls. 7, 8. 

20 W. P. Woodring, R. Stewart, and Others, Geologic Map of the Kettleman Hills, 

California, advance edition, U. S. Geol. Survey (1934). 
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The fan of cross joints in the massif of Strehlen (p. 56) is notably sym- 
metrical and well developed throughout the entire mass. In the western area, 
the joints dip east; the dip angles increase towards the interior, where verti- 
cal cross joints prevail. Farther east, the fractures dip westward, and along 
the eastern contact dips down to 55° are measured."' 


In massifs that do not develop flow lines, cross joints in the strict 
sense can not be recognized. It is possible, however, to designate a 


Aw 
Fic. 6.—Ledge of anorthosite, showing flow lines and cross joints. Franklin Falls, 


Adirondack Mountains, New York. Linear structure pitches 20° toward right, parallel 
with handle of hammer. Cross joints normal to flow lines, dip at 70° toward left. 


system of regional tension joints, if a direction of maximum crustal 
compression is recognizable. This is usually easier than may seem 
possible, because the tension joints tend to carry early dikes, or may 
be coated with conspicuous veneers of hydrothermal minerals. Other 
criteria are discussed in the forthcoming memoir referred to. 
Flat-lying normal faults (“‘antithetic” faults)—A mass that has 
begun to freeze near the top, but continues to be pushed upward by 
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a liquid residue below, may be expected to gain the necessary space 
increase by faulting along the cross joints, or by radial, steeply dipping 
joints as they are known from many volcanic centers (Spanish Peaks, 
Colorado; Crazy Mountains, Montana; Mount Aetna, and others). 
While many cross joints may have subsequently served as faults, 
experience shows that auxiliary faults are formed that differ from 
radial and cross joints in their directions, but occur in very similar 
form in faulted oil domes. The réle of these fractures in expanding 
domes has been studied in great detail, and imitated in experiments 
with wet clay, by H. Cloos.”! 

As first found in granite massifs of Silesia, these faults dip at 
moderate angles in random directions. Displacements along them 
proved to be normal faults in every instance, and the trend of the 
strie@ on them coincides with the trend of the flow lines in the granite. 
Since the movements on these planes had obviously helped to expand 
the massif in the same direction as that in which the mass had flowed, 
the term “planes of stretching’? (German: Streckflichen) was used 
alluding to ‘“‘Streckung” (stretching), the German equivalent for 
flow lines. Subsequently, flat-lying normal faults of the same kind 
have been found in several other areas, and the same agreement of 
trend of flow lines and striz is noteworthy. 

The origin and nature of these faults is important for two reasons. 
In the first place, there are at least two systems of fractures in in- 
trusive domes, the movements of which bear close relationship to the 
viscous (or plastic) flow of the magma: (1) cross joints, normal to 
flow lines, and (2) flat-lying normal faults, of random orientation, but 
with movements in the same direction as those recorded by the flow 
lines. In the second place, flat-lying normal faults occupy the same, 


or at least a very similar, position as that of “antithetic’” faults in - 


anticlines or domes of sediments. 


21H. Cloos, “Bau und Bewegungen der Gebirge in Nordamerika, Skandinavien 
und Mitteleuropa”’ (Berlin), Gebriider Bornstraeger (1928), pp. 271-77; 281-92. 
“Experimente zur inneren Tektonik,”’ Centralbl. f. Min., Abt. B (1928), pp. 609-21. 
“Uber antithetische Bewegungen,” Geol. Rundschau, Vol. 19 (1928), pp. 246-51. 

W. Riedel, “Zur Mechanik geologischer Brucherscheinungen,” Centralbl. f. Min., 
Abt. B (1929), pp. 354-68. 

H. Cloos, “Kiinstliche Gebirge,” Pt. 1, “Natur und Museum,” Senckenb. Naturf. 
Gesellsch., Vol. 5 (1929), pp. 225-43, Frankfurt/Main; Pt. 2, Vol. 6 (1930), pp. 258-69. 
“Zur Experimentellen Tektonik,” Die Naturwissenschaften, Vol. 18 (1930), pp. 741-473 
Vol. 19 (1931), pp. 242-47. ““Einige Versuche zur Granittektonik,”’ N. Jahrb. f. Min. 
etc., Abt. A, Beil.-Bd. 64 (1931), pp. 829-36. “‘Fliessen und Brechen in der Erdkruste 
und im geologischen Experiment,” ‘‘Plastische Massen,” Verlag Physik, G. m. b. H., 
(Troisdorf near Cologne), Heft 1 (1931), 9 pp. “Zur Mechanik grosser Briiche und 
Graben,” Centralbl. f. Min., Abt. B (1932), pp. 273-86. “Uber Biegungsbriiche und 
selektive Zerlegung,’”’ Geol. Rundschau, Vol. 24 (1933), pp. 203-19. 
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Antithetic movements are smaller movements that are associated with 
larger movements, but have the opposite tendency. They appear both in 
folded and faulted crustal blocks, and they result in a saving of vertical labor 
[Figs. 7, 8]. * 


Fic. 7.—Block diagram, showing transverse antithetic faults in dome. If an in- 
trusive dome has developed flow lines (dashes on domed surface), strie on faults 
trend parallel with trend of lines. Movements flatten the dome (see cross section), and 
accomplish moderate horizontal expansion. 


Fic. 8.—Diagrams to illustrate dissection of folds by antithetic movements (above) 
and synthetic movements (below). Without faults, folds would attain depth CD. The 
antithetic movements reduce this to AB. Synthetic movements of lower section in- 
crease it to GH. Horizontal shortening of upper section amounts to EF, horizontal 
distension of lower block equals JJ. In upper section, crustal compression is effected 
with minimum of vertical labor. 


2H. Cloos, “Uber antithetische Bewegungen,” Geol. Rundschau, Vol. 19 (1928), 
p. 251. 
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In an intrusive dome, the movements lower the top of the mass, 
although the mass, as a whole, does rise (Fig. 11). Where they appear 
in anticlines of sediments, the displacements along these faults also 
lower the rising mass, but allow some horizontal expansion, or effect 
some lateral shortening (Fig. 8). In synclines, they counteract in the 
same way the tendency of the apex to sag, or of the limbs to rise 
(Fig. 8). Systems of faults of this kind have been illustrated from the 
Appalachian Mountains, and from numerous areas in Europe.” 

Faults of this type are of special interest in that they introduce a 
horizontal component into movements that are due, in part at least, 


original length 


original length 


Fic. 9.—Diagram illustrating synthetic step faults (above) and antithetic step 
faults (below). Horizontal distension is same in both blocks, but though antithetic 
faults of lower block hold each fault block at same level, deforWation of upper block 
requires vertical force to gain necessary space. On the other hand, deformation of 
lower block requires rotation of each block. 


to vertical forces. The absence or prevalence of antithetic faults in 
domes or troughs gives a fairly correct measure for the relative 
strength of an uplifting force, or for the ease with which the crust can 
yield horizontally. 

Step faults are closely connected with antithetic faults (Fig. 9). A 
series of step faults lengthens a given crustal section horizontally, and 
there is no vertical labor involved, although the inclination of strata 
sometimes suggests some. The faults always dip in the opposite direc- 
tion from that of the beds, preventing, so to speak, the tilted beds 
from rising beyond a certain height.% Although many observers will 

* References in various textbooks of structural geology, for instance B. Stotes and 


C. H. White, Structural Geology (London), Macmillan & Co., Ltd., St. Martin’s Street 
(1935), PP- 341-43, Figs. 549, 550. (New York agency: D. Van Nostrand Co.) 


24 The same principle of saving of vertical action, and of oblique step-faulting, 
recurs in graben structures. Long ago, Le Conte pointed out that a block of rhombic 
cross section, if allowed to adjust its position by rotation, will occupy a position of 
equilibrium whereby the top surface is tilted (“On the Origin of Normai Faults and 
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be skeptical towards the validity of this principle in shallow levels of 
the crust, as it implies appreciable horizontal mobility of lower 
horizons, the agreement between experiment and field observations 
is, nevertheless, striking, and further research into the deeper causes 
of belts of step faults and antithetic movements is needed. 

In domes that have an axis, one may distinguish transverse and 
longitudinal antithetic faults. The former cross the axis, the latter 
run parallel to it (Fig. 10). Depending on the relative ease of relief 


Fic. 1o.—Diagram showing synthetic and antithetic longitudinal faults in a dome; 
modified after H. Cloos. Synthetic movements tend to raise apex; antithetic move- 
ments counteract vertical labor, and tend to lower apex. 


(upwards or sidewards), antithetic, synthetic, or both types of faults 
occur. The Salt Creek oil dome is a good example of transverse syn- 
thetic and antithetic movements.” Longitudinal antithetic faults in- 
dicate some horizontal expansion of a dome, at right angles to the 
axis. Where the axes of these domes strike parallel to axes of major 
folds, the origin of longitudinal antithetic faults suggests moderate 
relaxation of the tangential compression that produced the folds. It 
is a priori improbable that these faults should predominate in such 
regions. As far as the writer knows, longitudinal antithetic faults are 


the Structure of the Basin Region,” Amer. Jour. Sci. (3), Vol. 38 (1889), pp. 257-63). 
Stephen Taber has more recently dealt with the same principle (“Fault Troughs,” 
Jour. Geol., Vol. 35 (1927), pp. 577-606), and H. Cloos has published excellent illustra- 
tions of graben structures, produced with wet clay, showing clearly the orientation 
and movements along antithetic faults, in conjunction with “synthetic” or harmonious 
faults along which a trough will sag, or an uplift will be raised (Kiinstliche Gebirge, Pts. 
¥ and 2; also “Zur Mechanik grosser Briiche und Griiben,”’ see previous full reference). 


2% C. H. Wegemann, “The Salt Creek Oil Field, Wyoming,” U.S. Geol. Survey 
Bull. 670 (1918), Pls. 1 and 2. 

W. T. Thom, Jr., and E. M. Spieker, op. cit., Pls. 7 and 8 

eo other examples may be found in the publications of the Amer. Assoc. of 
Petrol. 
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almost everywhere associated with longitudinal synthetic faults 
(Fig. 10).”6 

The writer fully realizes that transverse and longitudinal faults 
in oil domes may not be caused by the relative rate of lateral yielding 
of the domed rocks, but may be due to local collapse of underlying 
rocks, for instance leaching of salt in the core of anticlines,”’ or the 
faults may be related to large-scale warps, and their occurrence 
within domes may be fortuitous.?* Many other factors are involved 
as discussed by Estabrook,”® Irwin,*® Link,*' and others. The identical 


zone of flat- lying normal faults 


Fic. 11.—Diagrammatic cross section through dominal massif with vertical con- 
tacts, showing marginal fissures with dikes and upthrusts. Central portion supposed to 
be near eroded apex and shows flat-lying normal faults. Conditions illustrate features 
of Sierra Nevada batholith and of several other American and European massifs. 


26 Longitudinal faults are reported from several oil domes of Wyoming: 

J. G. Bartram, “Elk Basin Oil and Gas Field, Park County, Wyoming, and Car- 
bon County, Montana, Séructure of Typical American Oil Fields, Amer. Assoc. Petrol. 
Geol., Vol. 2 (1929), Pl. 1, opp. p. 580, and pp. 581-83; W. T. Nightingale, ““Geology 
of Baxter Basin Gas Fields, Sweetwater County, Wyoming,” Geology of Natural Gas, 
Amer. Assoc. Petrol. Geol. (1935), p. 332, Fig. 2; Alberta: S. E. Slipper, “Natural Gas 
in Alberta,” ibid., p. 42, Fig. 19; the Kettleman Hiils, California, and many others. 

27M. A. Hanna, op. cit., pp. 644-45. 

28 E. G. Colton, “Natural Gas in Arkansas Basin of Eastern Oklahoma,” Geology 
of Natural Gas, Amer. Assoc. Petrol. Geol. (1935), p. 521. 

29 E. L. Estabrook, “Faulting in Wyoming Oil Fields,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 7, (1923) pp. 95-102. 

5° J. S. Irwin, ‘ Faulting in the Rocky Mountain Region,” ibid., Vol. 10, (1926), 
PP. 105-29. 

3. T. A. Link, “The Origin and Significance of ‘Epi-Anticlinal’ Faults as Revealed 
by Experiments,” ibid., Vol. 11 (1927), pp. 853-66. 
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position of fault systems in sedimentary and igneous domes, however, 
deserves attention. 

Marginal fissures—Along contacts of steep-walled intrusions, a 
group of fractures has been found that do not seem to be known from 
oil domes, but may possibly exist along the flanks of steep salt domes 
(Fig. 11). The fractures dip at intermediate angles into the intrusive, 
may extend a small distance into the wall rocks, and appear within 
a mile or so from the contacts; the width of these zones, however, 
varies in different intrusions. Marginal fissures commonly carry ap- 
lites, pegmatites, or quartz veins, and develop as early as cross joints 
or flat-lying normal faults. But where flow lines stand vertically, 
along vertical contacts, the marginal fissures do not lie horizontal, 
but transect the flow lines at angles between 75° and 40°. Their origin 
resembles that of the marginal fissures of glaciers and of “feather 
joints.” The vertical zone, parallel to the contact, in which the 
fissures occur, represents a zone of maximum strain (due to the up- 
ward motion of the magma mass, on the one hand, and the retarding 
effect of the stationary contact wall, on the other). The individual 
fissures are tension joints with reference to the lines of maximum def- 
ormation or lengthening, during a stage when the magma had already 
acquired greater strength than in the stage at which the vertical flow lines 
had formed. This explains why these fissures intersect flow lines at 
angles other than go°. The mechanism has been studied in consider- 
able detail experimentally by H. and E. Cloos. 

If the distension was moderate, the fissures may be barren; if 
more intense, the walls may be opened, and be filled by dikes. Thereby 
the height of a mass is increased. In more extreme cases, as in the 
contact zones of the Sierra Nevada, upthrusts occur along the fissures. 
If the majority of the planes dip relatively steeply, the movements 
cause an increase in height of the intrusion; if the fissures are more 
gently inclined, the displacements may hold the balance between 
vertical and horizontal expansion. A statistical study must decide 
which kind prevails. 


“Epi-Anticlinal Faults in Geologic Structures,” Oil Engin. and Technol., Vol. 8 
(1927), pp. 325-28. 

2 E. Cloos, “Feather Joints as Indicators of the Direction of Movements on 
Faults, Thrusts, Joints, and Magmatic Contacts,” Proc. Nat. Acad. Sci., Vol. 19 
(1932), No. 5, pp. 387-95. 

H. Cloos, “Einfiihrung in die tektonische Behandlung magmatischer Erschei- 
nungen”; Pt. 1: “Das Riesengebirge in Schlesien’” (Berlin), Gebriider Borntraeger 
(1025), pp. 56-60. 
= L. M. Gould, “The Ross Shelf Ice,”’ Bull Geol. Soc. Amer., Vol. 46 (1935), P- 13743 
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Regional fractures.—So-called regional joints rarely depend, in 
strike and dip, on the orientation of primary flow structures, but 
seem to be caused by the deformation of large crustal blocks that may 
embrace appreciable masses of non-intrusive rocks, even though the 
ultimate cause of the fracturing may be due to stresses caused by 
intrusive centers. Regional fractures are of later age than the other 
systems described. 


3. BEARING ON ECONOMIC PROBLEMS 


Fracture systems are of economic interest, since they offer paths 
of circulation for natural fuels, as well as for mineralizing solutions. 
However, local structural conditions may so modify or complicate 
the problem that each area needs an elaborate study to determine 
the relative importance of fracture systems that may be expected, 
or are known to exist. Nevertheless, as definite systems of fractures 
in domes are being recognized, the number of instances may increase 
in which such fissures have actually been utilized by circulating solu- 
tions. The writer’s experience with oil domes is exceedingly limited, 
and the following examples are drawn from ore deposits. Whether, 
or to what extent, there are resemblances between the distribution of 
ores along fissures, and the flow of gas and oil along fracture sets of 
known relation to a dome, he leaves to the reader. 

1. Mineralization along cross joints——The gold-bearing quartz 
veins of the Elk City mining district, Idaho,* follow closely a system 
of cross joints in a gneissic variety of the Idaho batholith, involved 
with schists. The fissures do not cut the linear parallelism at exactly 
90°, but deviate some 10° from this direction. Such deviations, how- 
ever, occur commonly in nature. The general character of the fissures 
as cross joints seems well established. 

2. Mineralization along flat-lying normal faults—At least a part 
of the silver ores of the Cobalt district, Ontario,** occur along flat- 
lying normal faults and fissures, near the lower contact of a diabase 
sill. The fissures occupy the position of planes of expansion (with or 
without shearing) such as have been noted elsewhere® near contact 
zones of diabases. A detailed investigation of the fissures is desirable 
to ascertain their exact réle at Cobalt. 

3% P. J. Shenon and J. C. Reed, “Geology of Elk City Mining District, Idaho,” 
Amer. Inst. Min. Met. Eng. Tech. Pub. 562 (1934), 22 pp. 


4 A. R. Whitman, “Genesis of the Ores of the Cobalt District, Ontario, Canada,” 
Pub. Univ. Calif. Dept. Geol., Vol. 13, No. 7 (1922), pp. 253-310. 


% H. Scholtz, “Zur inneren Tektonik einiger Intrusivkérper aus dem Saar-Nahe 
Gebiet,”’ Centralbl. f. Min. etc., Abt. B (1933), pp. 605-16, Fig. 2. 
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Perhaps the lode deposits of the Yankee Fork district, Idaho,* 
may be grouped with this type, although more detailed work is 
needed. Two sets of fissures appear over an arch or volcanics, 5 miles 
wide, underlain by a central intrusive mass. One set strikes NE.-SW., 
the other at right angles to it. Faulting has occurred along these 
fissures, and the solutions from which the gold-silver tellurides were 
precipitated were probably connected with them. 

Normal faults, connected with monzonite masses, possibly of 
Tertiary age, are mineralized in the Idaho Springs district, Colorado.** 

Synthetic and antithetic faults over intrusive centers, associated 
with mineralization, are described from the Bonanza district, Colo- 
rado,** and the Parral district, Chihuahua, Mexico.*® 

It is commonly assumed that normal faults over an intrusive arch 
or dome are due to some sort of “‘roof-collapse.” It should be em- 
phasized, however, that a certain amount of normal faulting is en- 
tirely compatible with sub-horizontal expansion of larger intrusions, 
due presumably to a different direction of relief, once they have 
attained shallow levels in the crust. If there is evidence of a leached 
core of salt, as in the Salt Valley anticline, Utah, roof collapse is prob- 
ably the only explanation of the faults. But with an intrusive core, 
the interpretation is open to doubt, and requires a detailed study. 

3. Mineralization along marginal fissures—The best example is 
found in the gold-quartz veins of the Mother Lode and Grass Valley 
districts, California.“ They surround as a long belt the western border 
of the various large and small intrusions that make up this large 
batholith. The individual fissures dip toward the east, and upthrusts 
along them have been known for a long time. The injection of the 
gold-bearing veins is intimately connected with the emplacement of 
the batholith. While the Sierra batholith lacks a mineralized belt of 
equal dimensions on the east side, the smaller intrusion at Grass 


% C. P. Ross, “The Ore Deposits of Idaho in Relation to Structural and Historica, 
Geology,”’ Ore Deposits of the Western States, Amer. Inst. Min. Met. Eng. (1933). 
p. 270. “Ore Deposits in Tertiary Lava in the Salmon River Mountains,” Idaho Bur 
Mines and Geol. Pamphl. 25 (1927), pp. 13-15. 


37 FE. S. Bastin and J. M. Hill, “Economic Geology of Gilpin County and Adjacent 
Parts of Clear Creek and Boulder Counties, Colorado,”’ U.S. Geol. Survey Prof. Paper 
94 (1917), p. 62. 

38 W. S. Burbank, “Geology and Ore Deposits of the Bonanza Mining District, 
Colorado,” U.S.Geol. Survey Prof. Paper 169 (1932), p. 53, Fig. 11; p. 50, Fig. 9. 


39 H. Schmitt, “Geology of the Parral Area of the Parral District, Chihuahua, 
Mexico,”’ Amer. Inst. Min. Met. Eng. Tech. Pub. 304 (1930), 24 pp. 


40 E. Cloos, “Mother Lode and Sierra Nevada Batholith,” Jour. Geol., Vol. 43 
(1935), PP. 225-49. 
For other references, see footnote 13. 


| 
| 

| | 

| 

| 


STRUCTURE ELEMENTS OF DOMES 67 


Valley is symmetrically flanked by mineralized marginal fissures both 
on the west and on the east side." The gold-bearing veins of the 
Alleghany district, near by, occupy a similar position along the 
contact zones of another small intrusion.” 

4. Mineralization along regional fractures —At Nevada City, Cali- 
fornia, a part of the gold-quartz veins follows steep fissures, striking 
roughly NE.-SW., across the major axes of the local intrusions. These 
“crossings” are regarded by Johnston and E. Cloos® as due to a 
regional compression of the entire Sierra block, and without direct 
relation to the local granodiorite masses in which the veins occur. 

The remarkable E.-W. veins that occur throughout the Boulder 
batholith, Montana, do not show any obvious relation to the flow 
structures of the batholith, although there is reason to believe that 
their direction has been governed somehow by crustal stresses set up 
by the intrusion.“ Whether this system of mineralized veins is related 
to the intrusion of the much larger Idaho batholith, and possibly 
represents a system of tensional fissures, it is as yet impossible to say. 

Several additional districts might be cited in which the mineral- 
ization has occurred along fissure systems the mechanical réle of 
which, in relation to intrusive domes, is reasonably clear. There are 
several problems of particular interest for a comparison of fractures 
in oil domes and intrusive domes. 1. As a rule, the metallized fissures 
near shallow-level intrusions traverse the crust in exceedingly ir- 
regular directions, whereas in deeper levels more regular systems pre- 
dominate. Yet in the Wyoming oil domes, also in the Kettleman Hills, 
California, the fractures, as described and illustrated, are relatively 
straight, and can be assigned to definite sets. Are such regular systems 
of fractures in oil domes the rule, or the exception? 2. The irregular 
courses of fissures in many intrusive domes may be due to irregulari- 
ties in the shape of the associated dome. Are there oil domes of 
irregular form and outline, yet with persistent fracture systems 
throughout? More detailed investigations of faults and joint systems 
in oil, gas, and salt domes, giving maps with dip angles, spacing, and 
kinds of throw of faults and joints (whether “synthetic” or “anti- 
thetic’), would aid considerably in a closer study of the common 
characteristics of all dome structures.. 


41 W. D. Johnston, Jr., and E. Cloos, op. cit., p. 43, Fig. 3. 


42H. G. Ferguson, “Gold Quartz Veins of the Alleghany District, California,” 
U.S.Geol. Survey Prof. Paper 172 (1932), 139 pp. 


48 W. D. Johnston, Jr., and E. Cloos, op. cit., pp. 48, 53. 


“ F. F. Grout and R. Balk, “Internal Structures in the Boulder Batholith,”’ Bull. 
Geol. Soc. America, Vol. 45 (1934), pp. 885, 886. 
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CLAY CREEK SALT DOME, 
WASHINGTON COUNTY, TEXAS' 


WM. BOYD FERGUSON? anp JOSEPH W. MINTON?® 
Brenham and Dallas, Texas 


ABSTRACT 


Areal geological work led to the discovery of the Clay Creek salt dome. 

Oil and gas are produced from sands of Yegua, Cook Mountain, Mount Selman, 
and Wilcox age. All producing sands lie directly over the dome. No flank production 
has been found to date. 

The upward movement of this dome commenced prior to the deposition of lower 
Wilcox sediments and continued, with intermissions, to the end of Jackson time, when 
the upward movement, as a whole, seems to have ceased. 

There are numerous periods throughout the entire known history of this dome in 
which differential movement took place. However, only two of these periods seem to 
have extended over a comparatively great length of geologic time. The first lasted 
through Wilcox deposition, a central depression having started to form during that 
time. The second and last major period of differential movement extended from the 
end of Jackson time to slightly beyond the beginning of Miocene time, resulting in a 
further irregular uplifting of the salt surrounding an extensive area at the center in 
which there was some downward movement. The central depression is confined prin- 
cipally to the sediments above the dome. The relief gradually decreases from the top 
of the Jackson formation to the top of the cap rock. 

Oil and gas are produced from “highs” on the rim of this cup-like feature. 


LOCATION 


The Clay Creek dome is located 12 miles slightly east of north 
of the town of Brenham, in Washington County, Texas, on Yegua 
Creek, which is the dividing line between Washington County on the 
south and Burleson County on the north. 

It lies about 22 miles northeast of the Brenham salt dome (Fig. 1) 
which has been producing a small quantity of heavy oil for several 
years, and it is about 65 miles north of west from Humble, Texas, 
the nearest producing salt dome in the Texas Gulf coastal area. Clay 
Creek dome derives its name from the creek of that name which flows 
across its west side. The areal outline of the dome, as interpreted from 
surface geology, is in the form of an ellipse with its long axis extending 
7,500 feet northeast and southwest. Interpretation of seismographic 


1 Manuscript received, November 1, 1935. 
? Geologist, Sun Oil Company, Box 691, Brenham, Texas. 


5 Paleontologist, Sun Oil Company, Dallas, Texas. The writers are indebted to 
the Sun Oil Company for permission to publish the information contained herein. 
They are also indebted to F. H. Lahee, chief geologist of the Sun Oil Company, for help- 
ful criticism and editing the manuscript. 

They also extend thanks to Donald C. Barton of the Humble Oil and Refining 
Company, for examination and criticism of the paper. 
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data indicated that it has a more nearly circular outline. Subsurface 
data have proved this to be true, showing the perimeter of the dome 
to be somewhat irregular and more than 8,000 feet in diameter. 


HISTORY 


The senior writer discovered the Clay Creek salt dome in July, 


1926, while mapping surface geology for the Sun Oil Company. The 
area of the structure was immediately leased. 


A 2OMILES 


Fic. 1. Index map showing location of Clay Creek dome in Washington County, Texas. 


Five diamond-drill holes were completed in November and Decem- 
ber, 1927. On April 28, 1928, the first test for oil was commenced, the 
Wm. Schirmer No. 1, which was abandoned at a depth of 4,271 feet, 
with no commercial showings of oil. 

In October, 1928, the second test, the G. F. Grote No. 1, was com- 
pleted at a depth of 1,154 feet, with a daily production of 125 barrels. 
In November, 1928, the G. F. Grote No. 2 was completed, flowing 
4,200 barrels a day from a total depth of 1,345 feet. On May 15, 1935, 
77 wells had been completed, which resulted in 36 oil wells, 5 gas wells, 
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28 dry holes, and 8 oil wells which were abandoned after going to 


water. 

: The producing wells range in depth from 1,225 feet to 1,560 feet 
and initial productions have ranged from roo barrels to 6,800 barrels 
per day. 

Although most of the oil produced is about 26° Bé., a few wells 
have produced oil as low as 17° Bé. and one well is producing 32° Bé. 
oil. Total production from the field to date has been 3,092,789 barrels. 

5 &~ / 
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Fic. 2. Topographic map of area in which is situated Clay Creek dome 
(indicated by heavy closed line near center). 


TOPOGRAPHY OF DOME 


There are very few of the topographic features present which are 
usually associated with other known interior or Gulf Coast salt domes. 
The basin formed by Clay Creek and its tributaries seems to be some- 
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what larger than would be expected if due entirely to the erosion of 
this creek. This basin is much dissected by small streams and in many 
places the surface is 50 to 100 feet higher than the stream beds. 

Figure 2 is a topographic map of the area of this dome.t The 
approximate outline of the dome is shown by a heavy line. A study 
of this map shows that the dome lies north of a semi-circular ridge. 
This ridge is capped by sandstones of Lower Miocene age. 


STRATIGRAPHY 


This dome is in an area where the normal outcrops should be basal 
Miocene and Upper Oligocene. The normal section which should be 
encountered in a well in this area, commencing 100 feet above the 
_ base of the Miocene, is shown in Table I. 


TABLE I 
GENERALIZED STRATIGRAPHIC SECTION 


Thick- 
Age System — ness in Divi- Description 
ion Feet* | Sion 


Upper : Light green calcareous shales; some 
Tertia Miocene | Oakville 100 coarse sandstones; reworked Cre- 
taceous fossils 


Water-green, non-calcareous shales; 
Oligocene| Catahoula} 250 much volcanic ash; rice-grained 
sand present in lower part; unfos- 
siliferous 


Lignitic shales; gray sandstone; 
impure lignite; contains few cal- 
careous and arenaceous forams; a 
McElroy} few wells contain zones slightly 
glauconitic; Textularia hockleyensis 
almost entirely absent 


Jackson | 1,000 
Textu- | Lignitic and selenitic brown and 
laria | gray shales; coarse lignitic sands; 
dibol- | usually glauconitic and contains 
lensis | fair fauna 


Gray, green, and brown shales; 
Upper | some lignitic material; gray sands 
and sandstones; contains a few 
arenaceous forams 


So called because it contains cal- 
careous forams, including Discor- 
Calca- | bis yeguaensis, Eponides yeguaensis 
reous | and Gyroidina soldanii var.; litho- 
zone | logically it is gray compact shales, 
Yegua | 1,000 little sand, and a few thin lime- 
stones 


Geol. Survey Topog. Sheet, Gay Hill Quadrangle. 
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TABLE I (Cont.) 


Age 


System 


Forma- 
tion 


Thick- 
ness in 
Feet* 


Divi- 
sion 


Description 


Lower 
Tertiary 


Eocene 


Lower 


Lithogically similar to Upper. 
Contains at least two definite lig- 
nitic horizons which can be used 
with fossiliferous horizons in mak- 
ing correlations; there are one or 
more rather definite zones of arena- 
ceous forams, particularly one near 
base 


Cook 
Mountain 


700 


Crockett 


Principally light and dark gray cal- 
careous compact shales with some 
sandy shales and here and there a 
thin layer of sand; it can be divided 
into several definite fossil zones 
and horizons including widely pres- 
ent Operculina zone. Operculina 
zone composed of gray and brown, 
highly calcareous shales, brown 
fossiliferous limestones; much glau- 
conite; highly glauconitic and fos- 
siliferous limestones and shales 
containing Operculina 


Sparta 


Upper part: laminated _fine- 
grained sands and shales contain- 
ing some lignite; a thin zone of cal- 
careous forams is usually present 
near middle. Lower part: thick 
beds of fine- to coarse-grained 
sands separated by beds of com- 
pact shale a few inches to 3 feet in 
thickness 


Mount 
Selman 


Weches 


Brown and_ gray fossiliferous 
shales; thick glauconite beds and 
limestone; fauna of usual Weches 
type abundant 


Queen 
City 


Thick beds of fine silty sand, coarse 
sand and shaly sands containing 
megascopic fossils and some lig- 
nitic material. Typically probably 
barren of forams but usually fos- 
siliferous shale breaks present 


Reklaw 


Brown and gray shales; very little 
sand; much glauconite; highly fos- 
siliferous; can be fairly definitely 
divided into upper and lower 
faunal divisions 


Carrizo 


If present, it can not be distin- 
guished from Wilcox 


Upper 


Gray sands; sandy shales and 
shaly sands; a few beds of lime- 
stone; a little diffused lignite; good 
fauna on the whole, identical with 
that of lower Reklaw; a few dis- 
tinctive forms 
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TABLE I (Cont.) 


Thick- 


Forma- Divi- 
Age System tion Description 

Based solely on presence of glau- 
conite; amount varies from 5% to 
Glau- | 40%, in washed core residues aver- 
conitic | aging probably less than 10%; 
zone | contains thin limestones and fine- 
grained sands. Fauna similar to 

that above, but not so complete 
Wilcox | 2,500 Principally soft-to-hard sands, 


sandy shales, gray and brown 
Middle | shales and some beds of limestone; 
Sandy | a glauconitic horizon well down in 
horizon | middle, usually containing sprink- 
ling of glauconite. Forams similar 
to glauconitic Wilcox, appear 
sporadically 


Upper: thick beds of hard lustrous 
black lignite. Lower: thick massive 
Lower | beds of coarse, white, angular, cal- 
Lignitic | careous quartz sands, some very 
horizon | hard bluish gray quartz sandstone; 
thick beds of gray shale and hard 
blue-to-black slaty shale. Fauna 
scarce 


Thin section present in few wells 
on outer edge of dome. Gray mica- 
Midway ? ceous shale, and in one well a lens 
of brown vuggy limestone near 
base. Characteristic Midway fauna 


Upper 
Creta- 
ceous 


* The thicknesses of formations recorded in this table are those normal to the area and do not apply 
} the formations on the dome itself. The lithologic descriptions, however, apply to the formations on the 
ome. 


PREVIOUS PUBLICATIONS 


The paper by F. E. Heath, J. A. Waters, and W. B. Ferguson on 
“Clay Creek Salt Dome’ tended to show that this structure was a 
closed dome with a cup-like depression of nearly circular outline at the 
center and that this depression was probably caused by the removal 
of salt from the top of the dome by circulating ground waters, allow- 
ing the overlying sediments to sag. 

F. H. Lahee, in a discussion of this paper,® basing his opinion on 
additional data, stated that the finding of a maximum thickness of 


5 Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 1 (January, 1931), pp. 45-60. 
6 Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 3 (March, 1931), p. 279. 
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cap rock in the central basin did not seem to justify the theory of 
salt solution as the cause of the sinking. He suggested that possibly 
the central basin is the result of mechanical settling of the inner part 
of the salt plug, occasioned by a relief of the compression which must 
have existed during its rise through, and relative to, the surrounding 
strata. 

Marcus I. Goldman, in a further discussion regarding the “Bear- 
ing of Cap Rock on Subsidence on Clay Creek Dome,’” advanced the 
idea that the probable mode of origin of the cap rock had considerable 
bearing on the central subsidence of the Clay Creek dome, stating 
that the theory he is advocating for the origin of the cap rock not 
only permits, but requires, solution of the top of the salt core, in order 
to release the anhydrite contained in the salt for the formation of the 
cap rock. Goldman’s remarks were discussed by Lahee in the same 
number of the Bulletin.* As pointed out in each of their discussions, 
there are difficulties to be explained in either case. More data are 
desirable. 

Since the paper by Heath, Waters, and Ferguson was published, 
many wells have been drilled, resulting in the accumulation of new 
facts which have forced some modification of a number of the original 
hypotheses offered. i 


SURFACE GEOLOGY 


The regional strike in this district is N. 65° E. The regional dip 
below the Oligocene is approximately 130 feet to the miie and above 
the Oligocene it is 40-60 feet to the mile. 

Figure 3 shows the local surface geology as mapped by the senior 
writer. Over the central part of the dome are sediments of the Oak- 
ville formation, of Lower Miocene age, which are 150 feet below their 
normal position. This central area appears to be roughly elliptical in 
form with the long axis of approximately 7,000 feet extending about 
N. 70° E. The short axis is approximately 5,000 feet. 

Surrounding this Oakville outlier are Catahoula beds of Oligocene 
age which, for a short distance away from the edges of the Oakville, 
dip toward the center of the dome at the rate of 10°-32°. Beyond this 
point they dip away from the central area 10°—20°. 

On the south side of the dome are beds belonging to the upper 
Jackson formation, in contact with beds of Catahoula age. The con- 
tact on the west side of this Jackson inlier is formed by a fault which 
has its downthrow on the west and whose vertical displacement is at 


? Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 9 (September, 1931), pp. 1105-13. 
8 [bid., pp. 1113-16. 
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Fic. 3.—Surface geology of area of Clay Creek dome. 
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least 75 feet. These Jackson beds are approximately 400 feet above 
their normal position and dip from 10° to 20° south-southeast. 

On the northwest side of the dome are exposed beds belonging to 
the Wellborn and Textularia dibollensis divisions of the Jackson for- 
mation in contact with the Catahoula. At the contact and for a dis- 
tance of about 2,200 feet northwest of it, these beds dip south- 
southwest from 15° to 40°. From this point, beds belonging to the 
upper Jackson dip northwest 10°—20°. 

On the north side of the dome the oldest formation exposed is the 
Wellborn, in contact with the Catahoula. Near the contact these beds 
dip north-northeast 15°-25°, and about 4,000 feet northeast of the 
contact the upper Jackson beds dip 5° N. 70° E. 

On the northeast side the upper Jackson beds dip east-northeast 
30° at the contact, and slightly more than 1 mile east of this point, 
normal southeast dips are found. 

The following interpretations are made from the facts as shown 
by the surface geology. 

The area in which abnormal structural conditions exist is almost 
circular, with a diameter of approximately 4 miles. 

The areal geology of the Clay Creek dome depicts a domal struc- 
ture with its top depressed. 

The area of suggested greatest structural uplift is covered by the 
youngest strata exposed. Around the margin of the central Oakville 
outlier are a few exposures of beds which dip at a steep angle toward 
the center of the dome, and outside this point the dips are, in general, 
away from the central area covered by the Oakville sediments. 

The oldest beds exposed, approximately 1,000 feet above their 
normal position, are the selenitic shales and fossiliferous sandstones 
of the Textularia dibollensis division of the basal Jackson. 

The presence of the lower Oakville formation over the central 
part of the structure below its normal position wouid indicate that 
slumping took place subsequent to, or simultaneously with, Miocene 
deposition. 


It is impossible to determine the cause or extent of this slumping 
from the surface geology. 


SUBSURFACE GEOLOGY 


Producing section.—Oil and gas production on this dome has been 
obtained from sands belonging to the following formations: lower 
Yegua; Sparta section of Cook Mountain age; Queen City of Mount 
Selman age; glauconitic Wilcox, and middle sandy Wilcox. 

A number of wells have been cored continuously from the surface 
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and the rest have been cored continuously from the top of the Cook 
Mountain to their total depths. 

It has been possible by micropaleontology accurately to subdivide 
the various formations as listed in Table I. 

This work has made it possible to interpret the structural con- 
ditions encountered. The lithologic character of these formations is so 
similar that such subdivisions can not be made with any degree of 
accuracy by the lithological method alone. Such information as is 
presented by cross sections and structural contour maps is based 
chiefly on paleontological determinations. 

In order to depict a complete structure, it has been necessary to 
use a few hypothetical data in making the drawings accompanying 
this paper, but in all cases where this has been done, the conclusions 
were based on a very careful and extended study of all available facts. 

Figure 4 is a structure contour map drawn on top of the cap rock. 
It shows a “high” of considerable extent over the south side of the 
dome with its axis well inside and conforming to the periphery of the 
salt mass. 

Another “high” is shown over the north side of the dome, extend- 
ing over a much smaller area where the uplift is approximately 400 
feet less than the “high” on the south side. 

Only two wells have been drilled to cap rock in the northern area. 
The depicted structure, if based on the data from these two wells 
alone, would be almost entirely hypothetical; but a number of wells 
have been drilled through numerous identifiable horizons overlying 
the cap rock, all of which reflect this feature, and since the formations 
over the south side where more abundant data are available show the 
structural feature present in all horizons from the surface to the cap 
rock, it is reasonable to expect the same condition to exist on the 
north side. On the southeast side of the dome the cap rock is seen to 
be dipping steeply but uniformly southeast. A brief torsion-balance 
survey shows a moderate southeast slope of the salt on the southeast 
side and an abrupt falling off on the northeast, northwest, and south- 
west sides. 

Unfortunately no wells have been drilled to the salt on the known 
structurally high points of the cap rock, so that it is impossible to say 
definitely whether the structural conditions present at the top of the 
cap rock extend to the top of the salt or not. Only five wells have been 
drilled to the salt. These are shown in Figure 4, with their subsea 
data on the top of the salt. All wells reaching the salt at the outer 
edge of the dome show a decided thinning of the cap rock as compared 
with the center. See Table II for comparison of cap-rock thickness. 
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78 | 
ER 
G7; YY, 
| 
| 


CLAY CREEK SALT DOME 79 


This table shows that the maximum thickness of cap rock was 
found in the Freeman No. 1, about the center of the dome. The mini- 
mum thickness was encountered in the Clay No. 9g, on the outer edge 
of the dome and the salt was reached 160 feet structurally higher than 
in the Freeman. The lime cap (calcite) does not extend over the 
northern part of the dome. It was absent in the Quebe No. 2, the only 
well reaching cap rock on the extreme north side. It is present over 
the central part, thinning rapidly northeast and southwest as shown 
in Table II, and extends well down the flank on the southeast side. 


TABLE II 

THICKNESS OF LIMESTONE AND ANHYDRITE Cap Rock IN SALT WELLS, IN FEET 

Well | Calcite Cap Anhydrite | Total Cap Rock 
A. Freeman No.1 | 134 1,061 1,195 
B. R. Clay No. 9 | ; 172 179 
BR. Clay No.4 QI 271 362 
J. Grote No. 2 230 433 ; 663 
None | 140 140 

Wm. Janner No. 4 \Salt roo approx. 
335 


CAVITIES IN CAP ROCK 


A few wells penetrating deep enough into the cap rock encountered 
cavities ranging from a few inches to 7 feet between the calcite above 
and the anhydrite below. The maximum cavity of 7 feet was found 
in the J. Grote No. 2, which was the only cavity encountered in this 
well. The Freeman No. 1 encountered cavities from 1,975 feet to 
2,015 feet. The smallest was 6 inches and the largest 5 feet. All drilling 
returns were lost when the cavities were reached in these wells. An 
account of the method of drilling after reaching the cavities may 
prove interesting. 

An effort to wall off the first cavity reached in the Freeman No. 1 
was unsuccessful and abandonment seemed inevitable, when the well 
started flowing hot salt and sulphur water at the rate of several 
thousand barrels daily. It was allowed to flow until all the slush pits 
were filled. Several sacks of baroid were then mixed with water and 
pumped into the well, killing the flow. Drilling was continued while 
pumping the water back into the well. An interesting feature in con- 
nection with this was that the fluid would stand within about 80 feet 
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of the top while the pump was running but would not rise above this 
point. Within 48-72 hours, depending on the amount of baroid used 
in killing the flow, the well would again start tiowing and the first 
procedure was repeated. This method was continued until the well 
reached a total depth of 3,638 feet, having made 1,625 feet of hole 
without returns. 

Table III shows chemical analyses of water taken from cavities 
in some of the cap-rock wells. 


TABLE III 


CHEMICAL ANALYSES OF WATER TAKEN FROM WELLS DRILLED 
ON CLAY CREEK DoME 


Parts per Million 


Farm and Well | Depth COs Tene. 
in Feet! | and | SO, | Na | Co | Mg | Zotal| °F. 
HCO; 


A. Freeman 2,029-| 34,550] 887 | 2,407] 20,473] 1,117| 60 |59,404| 195 
No.1 2,064 


J. Grote No. [2,485 | 33,276| 679 | 2,570] 21,487] 1,376|Trace|s59,383| 165 


2,733 
Wm. Schirmer [3,822 | 22,676) 381 787| 13,708] 1,170] 95 |38,817| 110 
No. 2 3,851 approx. 
W. F. Schlottman|1,771 | 11,196) 766 | — 7,158} 258] 51 |19,428] 95 
No. 3 1,809 approx. 


It is.quite obvious that the water from the Freeman and Grote 
wells is the same, and the cavity undoubtedly connects between them. 
It is interesting to note the increase in temperature of the water from 
the well nearest the center of the dome as compared with those 
farther out. Also note that water with the highest salinity is from 
wells in close proximity to the same fault. The writers are not pre- 
pared to comment on the significance of this feature, but merely men- 
tion it from a standpoint of interest. 

Figure 5 is a structure contour map of the top of the middle sandy 
Wilcox. At this horizon the anticlinal axis at each end of the southern 
structure has migrated several hundred feet outward from the center 
of the dome as compared with the cap rock. No migration of the axis 
of the northern structure is apparent. 

Figure 6 is a contour map drawn on top of the Textularia dibol- 
lensis zone. The outward migration of the structurally high axes as 
found in the various horizons above the top of the middle sandy 
Wilcox to the top of the Crockett is negligible, but from the Crockett 
to the top of the Textularia dibollensis zone, this feature increases to a 
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marked degree. The Textularia dibollensis zone seems to be present 
over the entire structure and the variation in thickness is not very 
great, indicating a period of quiescence during early Jackson time. 


FAULTS 


Figures 4, 5, and 6 show three radial scissors faults on the south- 
east, south, and southwest sides of the structure, extending from near 
the center of the dome outward to an undetermined distance. Their 
displacement is zero at the inner ends and rapidly increases in their 
outward extension. 

The fault on the southeast side, designated as Fr on Figure 5, is 
indicated by ample data from a number of wells. Its downthrow is on 
the northeast and the plane dips approximately 76° in the same 
direction. The upper 1,180 feet of the Wilcox section present in the 
Schirmer No. 2 is missing from the Schirmer No. 1, 1,300 feet south- 
east, indicating a minimum displacement at Schirmer No. 1 equiv- 
alent to the amount of the missing section. In the Schirmer No. 2 the 
entire Cook Mountain and Mount Selman section is missing, which 
amounts to at least 300 feet as ascertained from adjacent wells. In the 
F. C. Marcus No. 1 only 59 feet of the Crockett was encountered, 
while the J. Grote No. 3, 400 feet northeast, penetrated 125 feet and 
the H. Witt No. 5, 400 feet southwest, penetrated 260 feet of this 
formation. 

F2 is indicated by thinning of the Wilcox in the W. F. Schlottman 
No. 3, which encountered only 212 feet against 506 feet in the R. 
Caraway No. 5, 300 feet northeast. The top of the Wilcox was 237 
feet structurally lower in the Schlottman than in the Caraway. The 
downthrow is on the southwest and must exceed 200 feet near these 
wells. 

F3 is indicated by a thin section of Crockett penetrated in the 
Wm. Janner No. 6 (38 feet) and Janner No. 11 (20 feet), though 
more than 200 feet of this formation was encountered in wells on the 
northwest and southeast sides of the fault. The downthrow is on the 
northwest and probably exceeds 150 feet. The Janner No. 10, south- 
east of the fault, is producing oil of 26° Bé. from the Queen City 
sand, while the Janner No. 12, northwest of the fault, is producing 
oil of 32° Bé. from the same sand encountered 309 feet structurally 
lower. 

No other faults have been definitely located by subsurface data, 
although there is much to indicate their presence and no doubt 
several more will be found by further drilling. 

The definitely established faults are known to have cut all forma- 
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tions from and including the cap rock to the top of the Jackson, 
showing approximately the same amount of displacement in each 
horizon. 

Surface geology indicates the fault-forming movements to have 
extended beyond the beginning of Lower Oligocene time. The known 
faults have a very definite influence on oil accumulation and the 
apparent central basin may ultimately be accounted for by faulting. 

Figure 7 is a log section drawn to natural scale across the dome 
from northwest to southeast. The line of this section does not follow 
exactly the line of Figure 4 as shown in the former paper by Heath, 
Waters, and Ferguson, for the reason that it is impossible to show 
the true conditions on account of the faulting along the line of the 
section used in the original paper. This drawing shows the probable 
position of the various horizons, including cap rock and salt, at the 
end of Jackson time, assuming the original top of the Jackson hori- 
zontal. Superimposed heavy dashed lines indicate approximately the 
present position of the top of Jackson, top of cap rock, and top of salt. 

Some interesting conclusions may be drawn from a study of this 
figure. No Midway or lower lignitic Wilcox was found in well 5. No 
Midway was present, and a very thin section of lower lignitic Wilcox 
was encountered in wells 3 and 4. A maximum thickness of 600 feet 
of Midway and lower Wilcox was present in well 11, and a relatively 
thick section of lower Wilcox is indicated in well 2. 

This depicts the top of the cap rock as a low cone at the end of 
lower lignitic Wilcox time with the maximum thickness of the cap 
under well s. 

The.top of the salt is assumed to have been comparatively flat at 
that time, although definite data are lacking concerning this feature. 
If a depressed or conical salt table is assumed it would necessarily 
result in a more highly deformed salt top at the present time. From 
a study of this figure it is obvious that a few slight variations in the 
thickness of the cap rock would result in an absolutely flat salt table 
at the present time. Since it is well known that practically all domes 
in the Gulf Coast area, on which more abundant data are available, 
show a remarkably flat salt table compared with the top of the cap 
rock, it seems reasonable to assume the same condition at Clay Creek. 

The rapid thinning of all formations above the cap rock from wells 
2 and 11 toward the center of the dome suggests the increased rapidity 
of the upward movement at the center as compared to the periphery 
of the dome. Figure 8 is an isopach map of the thickness of sediments 
from the top of the Jackson to the top of the cap rock. 

The writers do not offer any theories as to the origin or age of the 
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cap rock, but it is assumed that it had reached its present growth 
prior to the beginning of Wilcox time. There are no available data on 
which to base a conclusion as to salt movements before Midway time, 
but the absence of older formations over the cap rock indicates that 
the uplift equaled, or exceeded, deposition of sediments prior to this 
time, or, if present, had been removed by pre-Midway erosion. 

Figure 9 is a log section drawn on the same line as Figure 7 and 
shows the divisions of the formations in greater detail. It also shows 
more clearly, throughout the entire known history of the dome, the 
tendency of the mobile salt mass to reach a state of equilibrium. 
Apparently the upthrusting force was vigorous and constant prior to 
the beginning of the Wilcox and continuing to the end of middle sandy 
Wilcox time. From then until the end of upper Wilcox sedimentation 
a possible retarding of the upward thrust permitted compressional 
relief resulting in a settling of the central area, after which this up- 
thrust may have become active again and continued so with varying 
degrees of intensity to the end of Jackson time, when it became 
wholly dormant, possibly due to exhaustion of the source beds from 
which the salt stock was derived. It is doubtful if the upward move- 
ment of the salt core as a whole continued beyond the end of Jackson 
time. With the disappearance of the upthrusting force and the con- 
sequent relief of compression, a slow subsidence was apparently in- 
augurated at the center of the dome, possibly accompanied by a 
further uplifting of the basin rim, this counter movement continuing 
slightly beyond Lower Miocene time. 

As a measure of the upward movement of the cap rock from the 
earliest known history of this dome we may take the difference be- 
tween the normal thickness of all formations from the base of the 
Wilcox to the top of the Jackson (approximately 5,800 feet) and the 
present thickness of sediments from the cap rock to the top of the 
Jackson in wells 4 and 5 (approximately goo feet), which is 4,900 feet 
(Fig. 7). The top of the Jackson is found approximately 700 feet below 
its normal position in well 4, which probably represents the total 
amount of post-Jackson subsidence. The top of the Jackson, at its 
highest point, is approximately 400 feet above its normal position, 
which represents the amount of uplift since the end of Jackson time, 
due to localized uplift simultaneous with the central subsidence. 


CONCLUSIONS REGARDING OIL ACCUMULATION 


A study of the conditions found in wells at various places on the 
structure leads to interesting conclusions regarding the accumulation 
of oil. That maximum accumulation was reached and was concen- 
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trated over the center of the dome prior to the post-Jackson sub- 
sidence of the central area, is evidenced by the following facts. 

Cores taken from the known producing horizons in wells drilled 
in the depressed area, where the sands were reached below the present 
water level, show a uniform staining of the sand grains throughout 
the entire horizon. Also strata of shale encountered in the sands con- 
tain oil in the bedding planes and cracks. All the characteristics of the 
former presence of oil are displayed by the sand samples taken from 
these wells. Several wells located inside the rim are producing oil with 
no water as compared with other wells drilled in the same general 
area, but located outside the rim, which encountered the same sands 
more than 300 feet structurally higher and showed only water with 
a very slight showing of oil. 

The subsequent subsidence apparently resulted in a shifting of 
accumulation to the high parts of the rim, with a low and variable 
water level inside and a comparatively high water level outside the 
rim. A few wells drilled inside the rim were completed as flowing wells 
with good gas pressure and with no showing of water at the time of 
completion, but within a few hours afterward went completely to 
water, indicating that the trapped oil covered a very small area. No 
such conditions have been found outside the rim. 


SUMMARY 


The writers have endeavored to bring out the following facts in 
this paper concerning the Clay Creek structure, with the hope that 
they may aid in solving some of the innumerable problems pertaining 
to salt domes. 

1. Previous to Midway time, little is known of the history of this 
dome, but the facts seem to indicate that the upthrusting force was 
constant and the upward movement of the salt core was pari passu 
with pre-Wilcox sedimentation and the cap rock had reached its 
maximum growth by that time. 

2. A central depression existed from the end of middle sandy 
Wilcox deposition to the end of Wilcox time, due to cessation or 
lessening of the upthrusting force with a consequent relief of com- 
pression. 

3. From early Mount Selman time the upthrusting force was 
again active and continued with slight intermissions to the end of 
Jackson time, when it ceased to operate. 

4. The post-Jackson subsidence of the central area was simul- 
taneous with Oligocene and Lower Miocene deposition. So few wells 
have explored the cap rock that very little actual information con- 
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cerning it has been acquired, but the few data available seem to in- 
dicate that most of the growth of the cap rock was prior to the time 
when the Midway beds which overlap its sides were laid down. 
Apparently no solution of the salt core of any consequence has 
occurred since that time. 

Also, such an agency has apparently had little influence on the 
irregularities found in the thicknesses of the various formations over- 
lying the dome. These irregularities seem to be due, in part at least, 
to differential movements within the salt core, induced by inter- 
mittent functioning of the upthrusting force, and the tendency of the 
entire column to maintain a state of equilibrium. 


| 
| 
1 | 
| 
| | 
| 


BULLETIN OF THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
VOL. 20, NO. 1 (JANUARY, 1936), PP. 91-101, 3 FIGS 


CHATTANOOGA SHALE IN OSAGE COUNTY 
OKLAHOMA AND ADJACENT AREAS! 


CONSTANCE LEATHEROCK? anp N. W. BASS? 
Tulsa, Oklahoma 


ABSTRACT 


The Chattanooga shale, which is a widespread formation of small thickness and 
remarkably uniform character, is absent locally in Osage and Kay counties, Oklahoma, 
and the adjacent counties in southeastern Kansas. Microscopic studies of well cuttings 
made by oil-company geologists and the senior writer indicate that there is one large 
area and several small areas that contain no Chattanooga shale (Fig. 1). The Chat- 
tanooga shale in wells and on the outcrops in northeastern Oklahoma, 80 miles from 
the large shale-free area, is black carbonaceous fissile shale of uniform character. It 
contains a basal sandstone in some localities that is called ‘““Misener sand”’ by the drill- 
ers. Gray shale, locally called “Kinderhook shale,” overlies the Chattanooga black 
shale in parts of the region and is interbedded with the upper part of the black shale 
in some localities. The exact age relationship of the black and gray shales is not known. 
The data are insufficient to enable the writers to determine the method by which the 
Chattanooga shale-free areas were formed. 


DISTRIBUTION 


A large area centering in Osage County, Oklahoma, and extending 
into Kay County, Oklahoma, and Cowley and Chautauqua counties, 
Kansas, contains no Chattanooga shale, although it is widespread in 
the region surrounding this area. This fact was noted by Aurin, Clark, 
and Trager® in 1921, and the approximate boundary of the area con- 
taining no Chattanooga shale was sketched and designated ‘Osage 
Island”’ by Buchanan,‘ in 1927. Because the Chattanooga shale is thin 
and yet is widespread and has features that persist throughout a large 
region, its absence locally in northeastern Oklahoma and southeastern 
Kansas is noteworthy. The Chattanooga shale crops out® on Illinois 
River in Cherokee and Adair counties, on Spring Creek in Mayes and 
Cherokee counties, on Spavinaw Creek in Mayes and Delaware 
counties, and at a few other localities in northeastern Oklahoma. 
Westward from these localities it dips beneath the surface and the 

1 Published by permission of the director of the United States Geological Survey. 
Manuscript received, November 14, 1935. 

2 United States Geological Survey, Box 311. 


3 F. L. Aurin, G. C. Clark, and E. A. Trager, “Notes on the Subsurface Pre- 
Pennsylvanian Stratigraphy of the North Mid-Continent Fields,’’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 5, No. 2 (March-April, 1921), p. 136. 


* George S. Buchanan, “The Distribution and Correlation of the Mississippian of 
Oklahoma,” ibid., Vol. 11, No. 12 (December, 1927), p. 1311, Fig. 3. 


5 H. D. Miser, Geologic Map of Oklahoma (U.S. Geol. Survey, 1926). 
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records of thousands of wells drilled for oil and gas show that it is 
present but deeply buried in much of eastern Kansas and eastern 
Oklahoma. 

Many wells in southeastern Kansas and northeastern Oklahoma, 
drilled since Buchanan sketched the outline of the shale-free area in 
Osage County, have revealed new information concerning the dis- 
tribution of the Chattanooga shale. This additional information is in- 
corporated in Figure 1, which shows the distribution of the Chatta- 
nooga shale in a portion of northeastern Oklahoma and southeastern 
Kansas. Drill cuttings from the horizon of the Chattanooga shale 
have been studied microscopically by oil-company geologists from all 
wells shown in Figure 1, and cuttings from about 50 of the wells 
selected so as to fairly represent each part of the region, were ex- 
amined microscopically by the senior writer. On such studies the 
boundaries of the areas containing no Chattanooga shale have been 
drawn as shown in Figure 1, and their positions have not been based 
in any way on the many thousands of drillers’ logs except in parts of 
Chautauqua and Cowley counties. Kansas, and in parts of north- 
eastern Osage County, Oklahoma. The boundary is shown by a 
dashed line where drillers’ logs were used because little confidence 
can be placed in the sketch map in these localities. No doubt when 
additional wells are drilled and their cuttings are studied, the bound- 
aries of the areas containing no Chattanooga shale shown in Figure 
1 will be modified. 

The data now available show the presence of several localities in 
southeastern Kansas and in Kay, Tulsa, and Rogers counties, Okla- 
homa, outside the large area centering in Osage County, that also 
contain no Chattanooga shale. They indicate that most of these areas 
are of small extent. They show also the existence of small areas in 
southeastern Osage County and one small area in northeastern Kay 
County, Oklahoma, that contain thin deposits of Chattanooga shale 
and appear to be surrounded by areas containing no deposits belong- 
ing to this formation. The area containing no Chattanooga shale, 
shown in southwestern Cowley County, Kansas, may actually be 
larger than indicated in Figure 1; it may extend through T. 35 S., 
Rs. 5 and 6 E., Kansas, and join the large Osage County area in 
T. 29 N., R. 5 E., Oklahoma, and thus form a northwest prong of it. 
According to Taff® the Chattanooga shale is absent in two localities 
in T. 14 N., Rs. 23 and 24 E., 15-18 miles southeast of Tahlequah in 
the region where the formation crops out. 


6 J. A. Taff, “Tahlequah, Indian Territory (Oklahoma)-Arkansas,” U. S. Geol 
Survey Folio 122 (1905), areal geology map. 
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THICKNESS 


In a strip of country a few miles wide bordering the large shale- 
free area centering in Osage County (Fig. 1) the Chattanooga shale 
ranges from less than 5 feet to 20 or more feet thick. Its thickness in- 
creases southward from this area to about 40 feet in T. 19 N., which 
is the southernmost area included in the region examined for this re- 
port. It attains a maximum thickness of 80 feet, but is more commonly 
40-50 feet thick in the area 15-20 miles wide adjacent to the large 
shaleless area on the west; its thickness is somewhat greater than 50 
feet northwest and north of the area and is 35-50 feet in much of the 
region northeast and east of the area. 


AGE AND STRATIGRAPHIC RELATIONS 


The Chattanooga shale is classified as Devonian (?) by the United 
States Geological Survey, but is classified as Mississippian by most 
Mid-Continent geologists. Throughout northeastern Oklahoma and 
southeastern Kansas the Chattanooga shale underlies a sequence of 
rocks that ranges from less than 100 to 400 or more feet in thickness 
and is composed predominantly of limestone beds generally desig- 
nated the ‘Mississippi lime.”” The Chattanooga shale unconformably 
overlies rocks ranging in age from Ordovician, and possibly Cambrian, 
to Devonian. It rests on the Siliceous lime of Cambrian and Ordovi- 
cian age in a large area in northeastern Oklahoma and southeastern 
Kansas which includes a part of northeastern Osage County, Okla- 
homa, and much of Cowley County and all of Chautauqua, Elk, and 
Montgomery counties, Kansas; on Ordovician rocks younger than the 
Siliceous lime and classified as the “Simpson group” by Luther H. 
White,’ in southwestern Osage County, eastern Kay County, and 
western Cowley County; and on progressively younger rocks of 
Upper Ordovician, Silurian, and Devonian ages southward and west- 
ward from the previously described localities. These facts have been 
shown by White® on a map showing the distribution of the pre- 
Chattanooga formations in eastern Oklahoma. Throughout much of 
the large area wherein the Chattanooga shale is absent (Fig. 1) the 
“Mississippi lime” rests directly on the Siliceous lime, and in the 
southern part of this area it rests on younger Ordovician beds belong- 
ing to the Simpson as classified by White. 


7 Luther H. White, “Subsurface Distribution and Correlation of the Pre-Chat- 
tanooga (‘Wilcox’ Sand) Series of Northeastern Oklahoma,” Oklahoma Geol. Survey 
Bull. 4o-B (1926), Pl. 2, pp. 7-16. 


Ibid., Pl. 2. 
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CHARACTER OF SHALE 


The Chattanooga shale on its outcrops in the Tahlequah Quad- 
rangle about 80 miles southeast of the large shale-free area of Osage 
County, consists of black carbonaceous fissile shale that is of uniform 
character throughout and is prominently jointed and weathered into 
thin paper flakes. Small nodules of pyrite were found in the shale at 
some localities in this general region where it is freshly exposed. The 
lowermost part of the formation locally contains lenses of sandstone 
that, according to Taff,® range from a few inches to 30 feet thick in 
the Tahlequah Quadrangle. The uppermost 38 feet of the Chatta- 
nooga shale and the lowermost 35 or more feet of the overlying ‘‘Mis- 
sissippi lime”’ are clearly exposed in a recent road cut in the SE. }, 


Fic. 2, A.—Jointed Chattanooga shale in road cut on State Highway 10, ap- 
proximately center, Sec. 12, T. 17 N., R. 22 E., 6 miles northeast of Tahlequah, Okla- 
homa. 


Sec. 10, T. 17 N., R. 24 E., on U. S. Highway 62 between Christie 
and Proctor. A complete section of the Chattanooga shale, including a 
sandstone about 2 inches thick at its base, is exposed in a recently 
made road cut on State Highway 10, in about the center of Sec. 12, 
T. 17 N., R. 22 E., 6 miles northeast of Tahlequah. A view of the 
Chattanooga shale at this locality is shown in Figure 2, A. 

The microscopic study of drill cuttings shows that the Chatta- 
nooga shale, as found in wells, consists typically of coal-black fissile 
carbonaceous shale that locally is in part slightly calcareous. The 
shale commonly contains small nodules of pyrite, conodonts, and 


9 J. A. Taff, op. cit., p. 3. 
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minute brown crinkled discs known to be plant spores. In most lo- 
calities the Chattanooga shale is of uniform character throughout its 
total thickness. Lenses of sandstone called “Misener sand’’ by local 
geologists lie at the base of the Chattanooga shale in some localities. 
A basal sandstone of the Chattanooga shale occurs locally at the out- 
crops in northeastern Oklahoma and occupies the same stratigraphic 
position as the Misener sand. 

Samples of the basal sandstone from two localities in the Tahle- 
quah Quadrangle in northeastern Oklahoma were examined micro- 
scopically by the senior writer. The sandstone is about 2 inches thick 


Fic. 2, B.—Photomicrograph of thin section of basal sandstone of Chattanooga shale 
at outcrop; locality same as in A. (Magnified 25 times; crossed nicols.) 


where it is exposed in a cut on State Highway tro, 6 miles northeast of 
Tahlequah, Oklahoma, near the center of Sec. 12, T. 17 N., R. 22 E., 
and there is composed of poorly sorted sand, containing lenses of 
sandy shale carrying conodonts. The sand is composed predominantly 
of very fine grains'® (74—-} mm.), but contains lesser amounts of 
fine (}-} mm.), medium (}-} mm.), coarse (}-1 mm.), and very coarse 
sand grains (1-2 mm.), silt and clay particles (less than ;45 mm.). 
The shapes of most of the grains range from sub-angular to rounded. 
The coarser grains are more rounded than the finer ones and some of 
the coarse and very coarse grains are frosted and pitted. The lower- 
most } inch of the sand is a conglomerate which is made up predomi- 


10 Size and classification after C. K. Wentworth, “Grade and Class Terms for 
Clastic Sediments,” Jour. Geol., Vol. 30 (1922), pp. 377-92. 
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nantly of medium, coarse, and very coarse sub-rounded and rounded 
sand grains, and rounded fragments of shale, some of which are 
phosphatic; some of the shale fragments contain sand grains. A photo- 
micrograph of a thin section made from an outcrop sample of the 
sandstone at this locality is shown in Figure 2, B. The sandstone is 
approximately 15 feet thick in the SE. 4, Sec. 35, T. 14 N., R. 23 E., 
and is composed predominantly of medium sub-angular and sub- 
rounded quartz grains with some coarse and very coarse sub-rounded 
grains; many of the quartz grains show secondary enlargement. Some 
of the medium, coarse, and very coarse grains are frosted and pitted, 
and some of the grains are composed of clusters of fine and very fine 
grains that were cemented together with silica and then rounded be- 
fore they were deposited in the sand. The sand contains rounded shale 
fragments, some of which are phosphatic. A photomicrograph of a 
thin section of the sand from this locality is shown in Figure 3, B. 

No sand was found at this horizon in most of the wells examined 
for this report, but it is known to occur locally in northern Oklahoma 
and southern Kansas. Like the basal sandstone of the Tahlequah dis- 
trict, it is commonly composed of poorly sorted sub-angular to 
rounded sand grains. It consists largely of sandy dolomite in some 
localities. Daniels’ pointed out that in many localities near the 
margins of the large Osage County area that contains no Chattanooga 
shale the Misener sand lies on sandstone beds of what has been called 
the “Simpson group” and because of the similarity of the sand grains 
in this sand and in the Simpson sands it is difficult to differentiate 
the two. It is therefore likely that the Misener sand is present but 
has been erroneously designated as a part of the Simpson in many 
localities southwest, west, and northwest of the large shale-free area. 

The lower part of a core of beds that are believed to represent the 
Misener sand in Marland Oil Company’s A. Four Eyes well No. 10 
in Sec. 4, T. 25 N., R. 2 E., about ro miles west of the large shale- 
free area, is composed of poorly sorted sand and fine-grained crystal- 
line dolomite. Aside from the dolomite crystals, the sand contains 
predominantly medium and fine quartz grains and lesser amounts of 
very fine and a trace of coarse grains. The finer grains are angular and 
sub-angular but many of the coarser grains are sub-rounded. A 
photomicrograph of a thin section of the sand in the lower part of 
the core is shown in Figure 3, A. This sand is overlain by finely 
crystalline buff dolomite containing sub-rounded fragments of gray 
chert grading upward into coarse dolomitic chert conglomerate that 


1 J. I. Daniels, oral communication. 
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Fic. 3, A—Photomicrograph of thin section of dolomitic sand (“Misener sand”’) 
from Marland Oil Company’s (A.) Four Eyes well ro in Sec. 4, T. 25 N., R. 2 E., Okla- 
homa. (Magnified 25 times; crossed nicols.) 


Fic. 3, B.—Photomicrograph of thin section of basal sandstone of Chattanooga 
shale from outcrop in SE. }, Sec. 35, T. 14 N., R. 23 E., Oklahoma. (Magnified 25 times; 
crossed nicols.) 
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contains sub-rounded chert cobbles 2 inches in diameter. The con- 
glomerate is overlain by black Chattanooga shale. 

Littlefield” states that a thin sandstone bed composed of poorly 
sorted, loosely cemented sand grains that have about the same 
physical characteristics as sand grains in the Simpson, overlies the 
latter beds, in Ts. 23 and 24 N., R. 7 E., and T. 24 N., R. 8 E., in the 
southernmost part of the large shale-free area shown in Figure 1. A 
core from the Gypsy Oil Company’s Brock No. 1 well in Sec. 18, T. 
24 N., R. 8 E., in south-central Osage County, contains 6} feet of 
gray and brown finely crystalline, sandy dolomite, the lowermost 
part of which contains medium sub-rounded quartz grains and 
rounded shale fragments, all of which are believed to represent the 
Misener sand. Littlefield’ distinguishes the Misener-Simpson contact 
in this locality by the occurrence of asphalt and siliceous cement in 
the older sand. Because insufficient data were available, no attempt 
was made to modify the boundary of the shale-free area in this lo- 
cality; the area contains no black shale of the Chattanooga but does 
contain the dolomite and sand deposit that occurs at the stratigraphic 
position of the basal sandstone member of the Chattanooga shale. 
It seems possible that sandstone of local extent occurs elsewhere in 
the large shale-free area below the “Mississippi lime” and above rocks 
older than the black shale of the Chattanooga. Although the sandstone 
lenses at different localities occur at the stratigraphic position of the 
Misener sand and are therefore called ‘““Misener” by Mid-Continent 
geologists; a deposit at one locality may not necessarily be of exactly 
the same age as the deposits at other localities. 


GRAY SHALE ABOVE CHATTANOOGA SHALE 


A sequence of predominantly gray shales and dark gray limestones 
occurs between the black Chattanooga shale below and the thick lime- 
stone and cherty limestone beds of the “Mississippi lime” above, in 
parts of southeastern Kansas and northeastern Oklahoma. Many 
Mid-Continent geologists refer to this sequence of beds as ‘‘Kinder- 
hook shale.”’ Others include it in the “Mississippi lime.” The unit 
is commonly between 7 and 25 feet thick but is between 50 and 
85 feet thick in southeastern Sumner County and northwestern 
Cowley County, Kansas. The microscopic examination of drill cut- 
tings from these beds shows them to consist predominantly of fissile 
shale that has a wide range in color but is commonly gray; the shale 
ranges from very light gray, through gray, greenish gray to dark gray 


12 Max Littlefield, oral communication. 
13 Max Littlefield, oral communication. 
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and locally is bright green and elsewhere red in the uppermost part. 
The shale is calcareous or dolomitic in several localities. Like the 
Chattanooga shale it contains nodules of pyrite and plant spores. One 
or two beds of limestone that are locally dolomitic occur in the gray 
shale sequence in several Jocalities in the area that lies northwest, 
north, and northeast of the large shale-free area. Samples from an 
insufficient number of wells were examined to define the southern 
boundary of this gray shale; but this sequence extends southward for 
at least several miles into northern Oklahoma, as shown by a well in 
northern Washington County, Oklahoma, and also by wells in Kay 
County, Oklahoma. The shale is not present everywhere in the gen- 
eral region north of the large area that contains no Chattanooga shale. 
In Chautauqua County, Kansas, it was found in only one well out 
of four, from which cuttings were examined microscopically for this 
report. A well in Sec. 7, T. 32 S., R. 11 E., shown in Figure 1, pene- 
trated gray shale, 22 feet thick, that contains a bed of limestone 14 
feet below the top and overlies black Chattanooga shale 46 feet thick. 
Cuttings from the wells shown in Figure 1 in Sec. 1, T. 32 S., R. 8 E., 
Sec. 33, T. 31 S., R. 12 E., and Sec. 2, T. 32 S., R. 12 E., contained 
none of this gray shale, but had black Chattanooga shale ranging 
from 20 to 56 feet in thickness. 


RELATIONSHIP OF CHATTANOOGA TO GRAY SHALE 


Gray shale that presumably represents the gray shale just de- 
scribed and black shale like that of the Chatanooga are interbedded 
and overlie the black Chattanooga shale body, locally in Montgomery 
County, Kansas, northeast of the large area that contains no Chatta- 
nooga shale. This feature is exhibited in two wells, one in Sec. 9, and 
the other in Sec. 11, T. 33 S., R. 14 E. However, other wells in this 
general vicinity, namely, a well in Sec. 30, T. 33 S., R. 14 E., and one 
in Sec. 26, T. 32 S., R. 15 E., had 7-20 feet of gray shale lying on 
black Chattanooga shale and the two types of shale were not inter- 
bedded. Geologists working in southern Kansas and northern Okla- 
homa report that in Summer County, Kansas, the black Chattanooga 
shale grades upward into gray shale through a zone that contains 
interbedded gray and black shale; they also report that northwest- 
ward from north-central Oklahoma the thickness of the gray shale 
increases and the thickness of the underlying black Chattanooga shale 
decreases. Cuttings from a few wells in this region examined for this 
paper show interbedded black and gray shale. Kansas geologists have 
found that in part of the region northwest of the area shown in Figure 
1, the entire sequence of beds that lies next below the thick limestone 
series of the “Mississippi lime’’ is composed of gray shale. 
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It was not determined whether the changing thicknesses of the 
two shale units (the black Chattanooga and the overlying gray shale) 
northward from Oklahoma represents non-deposition of the older 
Chattanooga shale and an increased deposition of the younger gray 
shale northward, or whether the gray shale in the northern area is 
equivalent in part to the black shale of the southern region and merely 
represents a change in facies northward. Daniels" suggested that the 
lowermost part of the Chattanooga shale of northern Oklahoma is 
probably absent northward in central Kansas due to non-deposition, 
and that the uppermost part of the Chattanooga shale of northern 
Oklahoma is probably equivalent to gray shale beds that have been 
called ‘“‘Kinderhook shale”’ in central Kansas. The interbedding of the 
grey and black shale in Sumner County, Kansas, supports the con- 
tention that at least a part of the black shale beds of northern Okla- 
homa is equivalent to the gray shale in central Kansas. Much addi- 
tional microscopic work on well cuttings should be done before con- 
clusions relative to the correlation of the different parts of this se- 
quence are made. 

ORIGIN OF SHALE-FREE AREAS 


The absence of the Chattanooga shale in the large area that 
centers in Osage County and in the several smaller areas in south- 
eastern Kansas and northeastern Oklahoma, shown in Figure 1, may 
have been produced by either of the two methods: (1) the Chatta- 
nooga shale may have been deposited over the entire region, and 
later, but prior to the deposition of the “Mississippi lime,”’ have been 
eroded; or (2) the areas that contain no Chattanooga shale may have 
stood as islands in the Chattanooga sea and therefore have received 
no Chattanooga sediments. The data gathered for this paper are in- 
sufficient to determine which of these methods of origin best explains 
the irregularities in the distribution of the Chattanooga shale in 
southeastern Kansas and northeastern Oklahoma. 


44 J. I. Daniels, oral communication. 
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DISCUSSION 


CARBON RATIOS NORTH OF THE OUACHITAS 


T. A. Hendricks’ paper' on the “Carbon Ratios in Part of Arkansas- 
Oklahoma Coal Field” deals with an area which may be regarded as a struc- 
tural unit in terms of the theory of progressive regional carbonization, and 
one which David White? has cited as upholding the idea that rank of coal 
is dependent mainly on the effect of more or less unrelieved lateral thrust. 
The object of this note is to point out the evidence indicating that this 
theory alone does not seem to explain satisfactorily the isocarb distribution 
and trend as now known in the area, either in a large way, or in many of their 
details. 

Hendricks has taken the isocarb data from carefully selected samples and 
plotted the results in most laudable fashion; namely, with no preconceived 
attempts to make these data fit known structural conditions. The result is a 
map which shows little relation between the local structures and the isocarbs 
except along the McAlester and Backbone anticlines, the only two structures 
where the data may be regarded as really sufficient to definitely limit the 
trend of the isocarbs for a satisfactory distance. 

Two other areas should be mentioned in this connection, however. 1. 
Along the northeast portion of the Heavener anticline in the extreme south- 
east portion of the contoured area in Oklahoma, where 5 analyses (samples 
54-58 inclusive) all show the fixed-carbon value as 78.7 +0.3, instead of run- 
ning the isocarbs northwest and southeast the direction of both structural 
and carbon-ratio value trends, for reasons previously mentioned Hendricks 
has his isocarbs normal to this direction. 2. In the Ozark-Clarksville-Paris 
area of Arkansas, though Hendricks’ map shows 15 control points, there are 
many local structures;* therefore, the data must be regarded as insufficient to 
demonstrate whether there is or is not any close relationship between isocarbs 
and local structures. 

So much is comment on what may be regarded as the factual part of 
Hendricks’ paper. But in the last 2} pages of this paper, it seems to the writer 
that the attempt made to show that these data fit the lateral-pressure con- 
ception of coalification as expressed in the theory of progressive regional car- 
bonization is a badly strained one. If we grant that the statements there 
made, mostly following Miser, are correct, the conception is represented graph- 
ically as in Figure 1. Emphasis is placed on the fact that the arrows should 
be regarded as vectors roughly representing the relative amounts of lateral 
pressures considered to actually have been transmitted to the coal-bearing 


1 Bull. Amer. Assoc. Petrol. Geal., Vol. 19, No. 7 (July, 1935) pp. 937-47. 


2 “Progressive Regional Carbonization of Coals,” Trans. A mer. Inst. Min. Met. Eng., 
Vol. 71 (1925), pp. 268-69. Also see Bull. Amer. Assoc. Petrol Geol., Vol. 19, No. 5 (May, 
1935), P- 593. 

3 The value of 59.0 given on page 941 for sample 54 should presumably read 79.0. 

‘Carey Croneis, “Natural Gas in Interior Highlands of Arkansas,” Geology of 
Natural Gas (Amer. Assoc. Petrol. Geol., 1935), pp. 550 and 556. 
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strata; that is, they indicate total lateral forces less those portions dissipated 
in the Ouachita terrane, either by reason of close folding (Ouachita Moun- 
tains of Arkansas) or overthrust faulting (Ouachita Mountains of Oklahoma) 
or both. In this figure are added what following these conceptions may be 
considered as idealized and generalized positions of isocarbs if local structures 
be neglected and if lateral pressures actually transmitted be regarded as the 
major cause of coalification. The numerical values and spacings given to these 
isocarbs have none but very general significance; they are added mainly to 
indicate direction of increase or decline. Apparently, the imaginary contours 
on this map are quite analogous to those on the isocarb map of the Northern 
Appalachians. The isocarbs in both areas are thus shown as running parallel 
with the structural trends and more or less normal to the directions from 
which the lateral thrust is assumed to have come. 


ry 
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Fic. 1.—Map of part of Arkansas-Oklahoma coal field showing imaginary isocarbs 
such as might be expected according to progressive regional carbonization theory. Sig- 
nificance of arrows explained in text. 


But it will be noted that the imaginary isocarbs of Figure 1 fail to show 
much resemblance to those of the carbon-ratio map based on fact as given by 
Hendricks. The latter would be spoken of structurally as showing a west- 
southwest plunging anticline; the dominant trend of isocarb lines is north- 
northwest, practically at right angles to the trend in Figure 1. The writer can 
conclude only that the lateral thrust part of the theory of progressive regional 
carbonization must be regarded as needing many qualifications before it can 
be applied to this area successfully; in short, factors of possibly much greater 
importance than lateral pressure are needed to account for the isocarb dis- 
tribution of this area. 

If it be true that the northwest central Arkansas coals show higher carbon 
ratios than do the more westerly coals because more unrelieved lateral pres- 
sure has been transmitted to them, why are the strata here so much less 
steeply folded than those farther west, with lower carbon ratios? Will some 
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say they must have received more lateral pressure because the contained 
coals have higher carbon ratios? This is a priori reasoning pure and simple. 
What is known about the depths of the stratigraphic columns exposed to such 
pressures? Hendricks informs the writer that the Arkansas rocks are the more 
competent, which may be of some significance. Of course they are somewhat 
more metamorphosed; this is shown by the isocarbs as well as in other ways. 
The question is, what were the agents? Can the available evidence be re- 
garded as at all conclusive? It should perhaps again be emphasized that the 
less folded but more highly metamorphosed rocks on the east are assumed to 
have received more unrelieved lateral pressure than those farther west simply 
because they are more metamorphosed. Is lateral pressure the only possible 
or even the most likely agent that may have caused this metamorphism? The 
intensity of folding would not indicate this. Perhaps it can be shown that the 
affected series of strata in the east is very much more competent or else the 
pressures were very deep seated. In this latter case they could have had little 
direct effect on the coal, though perhaps they might have been important 
because of the resulting heat increment. The possibility of hydrothermal ac- 
tivity entering into the picture should not be neglected. Evidence for such 
activity in this part of the General Interior Highlands has been accumulating 
in recent years in connection with detailed studies of the ore deposits,’ and 
Hendricks informs the writer that dickite, regarded as diagnostic of hydro- 
thermal action,® was collected by him from veins in the Atoka shale near 


5G. M. Fowler and J. P. Lyden, “The Ore Deposits of the Tri-State District,” 
Trans. Amer. Inst. Min. Met. Eng., Vol. 102 (1932), pp. 206-39. Also see their discussion 
in Econ. Geol., Vol. 28 (1933), pp. 75-81; S. Weidman, “The Miami-Picher Zinc-Lead 
District, Oklahoma,” Oklahoma Geol. Survey Bull. 56 (1932); Fowler et al., ‘“Chertifica- 
tion in the Tri-State Mining District,’’ Amer. Inst. Min. Eng. Tech. Pub. 532 (1934); 
G. W. Rust, “Colloidal Primary Copper Ores at Cornwall, Missouri,” Jour. Geol., Vol. 
43 (1935), pp. 398-426; L. C. Graton and G. A. Harcourt, ‘“Spectrographic Evidence 
on Origin of Ores of Mississippi Valley Type,’’ Econ. Geol., Vol. 30 (1935), pp. 800-24. 
The map by W. H. Emmons on p. 229 of Econ. Geol., Vol. 24 (1929), is an instructive 
one in this connection. In addition, the location of the quicksilver district of Arkansas 
is shown in Figure 1 of the present note. 

Areas of Paleozoic or later igneous rocks are shown by numbered localities in Fig- 
ure 1. These localities are as follows. 1. Peridotite. See Croneis and Billings, Jour. Geol., 
Vol. 37 (1929), p. 546. 2. Dutch Creek peridotite sills. U. S. Geol. Survey Bull. 735 
(1923), pp. 271-78. 3. Buckville; near here are four tinguaite dikes. Williams and 
Kemp, Arkansas Geol. Survey, Vol. 2 (1891). 4. Crystal Springs dike of biotite monchi- 
quite. Same reference as last, which also describes many igneous areas east of here. 5. 
Diorite sill. Many pegmatites and hydrothermal veins in this area. Oklahoma Geol. Sur- 
vey Bull. 32 (1923), p. 210. 6. Ouachitite dike. U. S. Geol. Survey Bull. 808 (1929), p. 
a The Murfreesboro periodoties and breccias are at the “‘n’’ in “Coastal Plain’ in 

igure 1. 

Croneis and Billings (0p. cit.) list and describe areas of igneous rocks 25 miles north- 
east and southeast of Russellville. These in especial are in what appears may be a sig- 
nificant relationship to the high isocarb coals of the Arkansas Valley. 

Other igneous occurrences of interest are in northeastern Oklahoma (Spavinaw) 
= = Kansas, and in southern Missouri (Decaturville and Ste. Genevieve 

ounty). 


® C.S. Ross and P. F. Kerr, “The Kaolin Minerals,” U.S. Geol. Survey Prof. Paper 
165 (1931), pp. 151-76. These writers describe dickite from veins in the Atoka formation 
on the Backbone anticline two miles northeast of Williams, Oklahoma, and fifteen 
miles to the east (near the east end of the same structure) from “quartzite” at Green- 
wood, Arkansas, 10 miles north of Mansfield. 
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Mansfield, Arkansas. In view of Thom’s conclusions’ regarding the impor- 
tance of heat and heated emanations from intrusives in coalification, such 
considerations can hardly be disregarded. 

One of the tenets of the theory of progressive regional carbonization is 
that sheets of competent beds with only slightly disturbed strata which have 
suffered more or less unrelieved and important lateral pressures may contain 
coals of higher carbon ratio than are found in relatively highly folded strata. 
This seems to fit the conditions in Belgium, to which Fourmarier® has re- 
cently called attention, apparently without realizing that David White long 
ago gave this explanation. In the Oklahoma-Arkansas area, however, Hen- 
dricks’ data, as already pointed out, insofar as they are sufficient show a re- 
markably close relationship between local structures and isocarb lines. It 
might be of interest to make similar studies in the Appalachian area on suit- 
able steeply folded structures for whose coals a sufficient number of well dis- 
tributed and satisfactory coal analyses could be made available. The anthra- 
cite region® is not satisfactory from this point of view. 

Of the three conclusions drawn by Hendricks at the close of his paper, the 
writer sees no reason for doubting the first; his ignorance of the nature of 
these coals in these respects is practically complete. He disagrees with the 
third at least insofar as is brought out in the preceding paragraphs, although 
this third conclusion is so worded that it may be Hendricks had in mind re- 
lating isocarbs to local structures, in which case the available data seem to 
support this conclusion as is previously discussed. Regarding the second, 
which states that Hilt’s law is unsupported by the available data, perhaps a 
few remarks are in order. 

The evidence for this second conclusion appears in the paragraph on the 
middle of page 944. It seems safe to say that the statements made in the 
latter half of this paragraph are of no positive value in this connection, since, 
as is already mentioned, Hendricks’ map shows the isocarbs of the area in 
question running approximately normal to the direction that the structure 
contours trend, and by analogy with anticlines of the region where there are 
sufficient data to yield well controlled isocarbs, as well as by the actual 
available fixed-carbon data on this one structure, the isocarb map is here too 
generalized to be of significance regarding this point. 

On the other hand the statements in the first part of this paragraph are 
quite convincing, so far as they go. But attention should be called to the fact 
that only 1,300 feet of strata are involved, and as Fourmarier’® has remarked, 
Hilt’s law is not rigorously true, even in Belgium, the very area the study of 
which furnished the original inspiration to Hilt. The law is there now inter- 
preted in terms of the coals in “‘several hundreds of meters” of strata as com- 
pared with the coals in higher or lower units of similar magnitude. 

D. JEROME FISHER 
UNIVERSITY OF CHICAGO 
August 29, 1935 

7™W. T. Thom, Jr., “Present Status of the Carbon-Ratio Theory,” Problems of 
Petroleum Geology (Amer. Assoc. Petrol. Geol., 1934), p. 88. 

8 P. Fourmarier, ‘“Vue d’ensemble sur la géologie de la Belgique,’”’ Annales de la 
Société Géologique de Belgique (1934), Memoirs in 4°, pp. 124-26. 

° H. G. Turner, ‘‘Anthracites and Semianthracites of Pennsylvania,” Trans. Amer. 
Inst. Min. Met. Eng., Vol. 108 (1934), pp. 330-42. 

10 P. Fourmarier, op. cit. 
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CARBONIFEROUS ROCKS AT JACKSON, MISSISSIPPI! 


In my article ““Pre-Tertiary Rocks from Deep Wells at Jackson, Missis- 
sippi,’’® the statement is made on page 50 that Carboniferous rocks may have 
been reached in the Louisiana Gas and Fuel Company’s (now United Gas 
Public Service Company) Harris No. 1 well in section 35, T. 6 N., R. 1 E., 
Hinds County, Miss. The core taken at a depth of 3,277—3,232 feet, on which 
this correlation depended, does not consist of “hard calcareous sandstone with 
pellets of black shale” as stated, but of black carbonaceous limestone cut by 
veins of white calcite. The rock appears to be sedimentary in origin although 
somewhat metamorphosed, and may represent a fragment of rock brought 
up from below with the explosive volcanic agglomerate with which it is as- 
sociated. It is definitely not Paleozoic rock in place. 

This correction does not affect the determination of the possible Carbonif- 
erous age of rocks penetrated in the Gulf Refining Company’s Hamilton well 
in section 4, T. 5 N. R. 2 E., Rankin County, Miss. 

Watson H. Monroe 
UnITED STATES GEOLOGICAL SURVEY 


Wasarncton, D. C. 
December 3, 1935 


1 Published by permission of the director of the United States Geological Survey, 
Washington, D. C. 


2 Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 1 (January, 1933), pp. 38-51. 
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* Subjects indicated by asterisk are in the Association library and available to 
members and associates. A list of technical periodicals available for loan to members 
and associates was published in the Bulletin, Vol. 18, No. 9 (September, 1934), pp. 
1215-17. 


* The Journal of the Society of Petroleum Geophysicists (Division of Geophysics, 
American Association of Petroleum Geologists), Vol. VI, No. 1 (July, 
1935), 81 pp., 19 figs. Price to non-members, $3.00 plus postage. Editor, 
F. M. Kannenstine, 2011 Esperson Building, Houston, Texas. 


This Journal is the official publication of The Society of Petroleum Geo- 
physicists, and replaces Transactions of the Society of Petroleum Geophysi- 
cists published in prior years by the American Association of Petroleum Geo- 
logists. Copies of the Journal are sent without charge to all members of the 
Society in good standing. The succeeding issue is expected early in 1936. 

The contents of this issue include six geophysical papers, the membership 
list, a list of membership applications approved for publication, the revised 
Constitution and By-laws of the Society, and the program of the annual 
meeting in March, 1935, at Wichita, Kansas. 

“Notes on the Early History of Applied Geophysics in the Petroleum In- 
dustry,” by E. DeGolyer, the first paper, is a brief summary of the outstand- 
ing events in the inception, introduction, and development of the various 
geophysical methods used in oil prospecting. The introduction and subsequent 
use of the torsion balance, the refraction-seismograph campaign inaugurated 
by the Mintrop Seismos, and the development of reflection shooting by the 
Geophysical Research Corporation, are interestingly described by the author. 

“On the Strategy and Tactics of Exploration for Petroleum,” by E. E. 
Rosaire, should be of special interest to executives and others who are broadly 
interested in the exploration phase of the industry. The author begins with a 
general introduction and definition of the somewhat confusing technical 
military terms, “strategy,” and “‘tactics.’’ As a practical illustration, he uses 
the early strategy of E. DeGolyer regarding the problem of unsuccessful ex- 
ploration, which involved the introduction of the torsion balance and refrac- 
tion seismograph as the necessary tactical means of accomplishment. 

The next section, on ‘““The Choice and Sequence of Tactics,” is of special 
interest. The following ten methods of exploration are listed in the order of 
increasing cost and of increasing resolving power, or ability to give detailed 
information: library methods, surface geological methods, airplane photo- 
graphs, core drilling, magnetometer, gravity meter, torsion balance, refrac- 
tion seismograph, reflection seismograph, and drill (including subsurface 
paleontology, subsurface stratigraphy, and electrical logging). 

The author’s ideas concerning the choice of exploration methods are sum- 
marized in the two following quoted statements. 

1. Prospects should be first located by the appropriate method of lowest operating 
cost. These prospects should be evaluated and culled by the successive use of the ap- 
propriate methods of higher cost (successive high-grading). 

2. Prospect development in a particular area should not be initiated by any given 


method until the area has been previously explored by the appropriate methods of 
lower cost. 
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The author also points out that the discovery of a prospect can seldom be cred- 
ited solely to any one method of exploration. 

Comments are briefly included on the present exploration status of the 
Gulf Coast, East Texas, central Oklahoma, the eastern states, California, 
the Permian Basin, the Edwards Plateau, the Rocky Mountain region, South 
Texas, southern Oklahoma, and Michigan. The paper ends with a look into 
the future possibilities of petroleum exploration. 

“Explosives and Electric Blasting Caps for Geophysical Prospecting,” 
by G. H. Loving and G. H. Smith. The changes and developments of the past 
several years in seismograph exploration have necessitated changes and im- 
provements in explosives by the manufacturers. This paper describes special 
gelatine dynamites having improved qualities of water resistance over dyna- 
mites previously used, and available in consistencies ranging from plastic to 
firm. Electric blasting caps have been produced which have high qualities of 
speed and uniformity of detonation to meet the exacting requirements of 
present-day usage. 

“Notes on the Theory of Seismic Prospecting,” by C. H. Dix. This paper 
gives a geometrical treatment of iso-time curves in refraction-seismic theory. 
An iso-time curve is defined as a curve so drawn on the surface of the earth 
that the travel time of an impulse from a chosen shot point to any receiving 
point on the curve is the same. The equation of these curves is obtained and 
their properties discussed. The treatment is limited to the case of two layers. 
Critical point curves are also defined and discussed. 

“The Discovery by Reflection Seismograph of a Small Producing Struc- 
ture in Okmulgee County,” by G. H. Westby. The possibility of discovering 
small structures in the older producing areas of Oklahoma by precise seismic 
exploration is indicated by the description in this paper of a successful survey 
of such an area. The presence of the structure was first suspected from sub- 
surface studies. A reflection survey confirmed the existence of the structure 
and gave a rough outline of its extent and relief. A well drilled in the area 
showed the reflection depths in error to some extent, and further seismic in- 
vestigation was undertaken for closer detail. The continuous-profile method 
used in this work and the precautions taken to eliminate mechanical errors 
are briefly described. The resulting picture was found to be exceptionally 
accurate, checking well-control to within 10 feet. The paper is excellently 
illustrated with maps and reproductions of several of the seismograph records. 

“Portable Dynamite Storage Magazines,” by J. W. Flude. The hazards 
of improper field storage of explosives, including location, fire, theft, lightning, 
and firearms, are discussed in this timely paper. The use of portable steel 
magazines is recommended as a remedy for the hazards with descriptions and 
illustrations of two available types in present use. 


STUART SHERAR 
TuLsa, OKLAHOMA 
November 27, 1935 


* “Notiuni de Geologia Zacamintelor de Sare’”’ (Notes on the Geologic Accu- 


mulation of Salt). By I. P. Vorrestt. Revista Muzeului Geologic-M ineralogic 
al Universitatii din Cluj (Roumania), Vol. V, No. 1 (1934), pp. 1-86; 44 
illus. and map. In Roumanian with an abstract in French. 


In these notes Voitesti summarizes the geology and economic importance 
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of salt, salt deposits, and salt structures, the world reserves, and the salt mas- 
sifs of Roumania and their exploitation. In regard to the origin of the salt de- 
posits, Voitesti postulates that the salt is of continental origin, that is neither 
connate salt of the surrounding sediments, nor marine salt, but that it comes 
originally from primordial salt contained in the chlorides of the primitive 
atmosphere which were precipitated on the earth’s surface before the forma- 
tion of the ocean. 

From the French abstract and from the illustrations, these notes seem to 
be an interesting summary review of salt deposits. Voitesti seems familiar 
with the American thought on salt domes. 


Donatp C. BARTON 
Houston, TEXxaAs 
November 13, 1935 


*Recent Geophysical Abstracts of the Seismos Geophysical Company. Anon. 
Hanover, Germany (1935). 50 pp. 35 illus. 


This paper gives a brief, simple, well written description of the work which 
“Seismos”’ does. A brief elementary statement is given of the principles of the 
seismic and gravitational methods and of the Eétvés torsion balance and the 
Thyssen gravimeter. These discussions are well illustrated by diagrams. 
Many photographs are introduced to illustrate the actual use of the methods 
of the field. Twelve maps of the results of actual field surveys are given in 
addition, as well as several geophysical profiles and traced reproductions of 
seismograms. 

The new Thyssen static gravity meter, according to the data of this 
pamphlet, seems to be a fast, handy, and accurate instrument. The accuracy 
of the instrument, according to the only partially satisfactory data of the 
error of closure of closed traverses, seems to be of the order of magnitude of 
p.e. = +0.3 milligals. 

Most geophysicists, and most geologists or executives who deal with 
geophysics, will find this pamphlet interesting and instructive. 


‘Donatp C. BARTON 
Houston, TEXAS 
December 6, 1935 


RECENT PUBLICATIONS 


ABYSSINIA 
“In There Oil in Abyssinia?” by E. H. Cunningham Craig. Petrol. Times 
(London), Vol. 34 (1935), p. 271. ‘It is certain that Abyssinia has no potential 
oil field which, having regard to its position, could be a commercial success.” 


AFRICA 
Charbon et pétrole en Afrique du Nord (Coal and Petroleum in North 
Africa), by René Hoffher and Paul Mauchaussé. Preface by L. Pineau. 314 
pp., 20 pls., 4 figs. Abstract in La Revue Petrolifére (Paris), No. 652 (October 
12, 1935), p. 1317. ““The study of a comprehensive program of mobilization 
of fuels in French transmediterranean provinces.’ Price of book, 30 fr. 
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ASIA 


Geologie von Asien (Geology of Asia), by Kurt Leuchs. Vol. 1, Pt. 1, viii 
and 236 pp., 69 figs. Gebriider Borntraeger, Berlin (1935). Price, RM 18.40. 
Outside Germany and Switzerland the price is 25 per cent less. 


CALIFORNIA 


*“Geological Observations in the Petaluma District, California,” by Roy 
R. Morse and Thomas L. Bailey. Bull. Geol. Soc. America (New York), Vol. 
46, No. 10 (October 31, 1935), pp. 1437-56; 2 figs., 1 pl. 


EUROPE 


Geologie von Europa (Geology of Europe), by Serge von Bubnoff. Vol. 2. 
Das ausseralpine Westeuropa. Pt. 1. Die Entwicklung des Oberbaues. ix and 
440 pp., 44 figs., 9 pls. Gebriider Borntraeger, Berlin (1935). Price: paper, 
RM 32, cloth, 34.40. Outside Germany and Switzerland the price is 25 per 
cent less. 

GENERAL 


*Suggestions to Authors of Papers Submitted for Publication by the United 
States Geological Survey, with Directions to Typists, by G. M. Wood. 4th edi- 
tion (revised and enlarged), by B. H. Lane. vii, 126 pp. May be ordered from 
Supt. of Documents, Govt. Printing Office, Washington, D. C. Price $0.15. 

*Invertebrate Paleontology, by William H. Twenhofel and Robert R. 
Shrock. 511 pp., 175 figs. Cloth. 6 X9 inches. ‘“The authors divided the inver- 
tebrates into twelve phyla, treated systematically from the taxonomic view- 
point, with descriptions and illustrations of each.’”” McGraw-Hill Book Com- 
pany, Inc., 330 West 42d Street, New York (1935). Price, $5.00. 

Organische Morphologie und Paléontologie (Organic Morphology and Pale- 
ontology), by Edgar Dacqué. viii and 476 pp., 27 figs. Gebriider Borntraeger, 
Berlin (1935). Price: paper, RM 30; cloth, RM 32.20. Outside Germany and 
Switzerland the price is 25 per cent less. 

*“Tie internationalen Nomeklaturen fiir Erdél und Mineralélprodukte”’ 
(International Nomenclature for Petroleum and Mineral Oil Products), 
compiled by Robert Schwarz. Petrol. Zeit. (Berlin), Vol. 31, No. 45 (Novem- 
ber 13, 1935), pp- 5-7. Includes 2 tables of synonyms in different countries. 

*“Congrés international des minés, de la métallurgie, et de la géologie 
appliquée, VII* session’? (International Congress of Mines, Metallurgy, and 
Applied Geology, 7th Session), by Ch. Finaton and “W. T.” Rev. Petrol. 
(Paris), No. 654 (October 26, 1935), pp. 1368-77. Contains abstracts (in 
French) of the papers presented in the Section of Applied Geology, of which 
the subdivision “Petroleum,” includes the following. 

“Utilization of Foraminifers in Stratigraphy,’’ by J. Lacoste (Morocco). 

“Results of Micropaleontology in Drilling and Other Practical Strati- 
graphic Work,” by R. Potonié (Germany). 

“Micropaleontology Applied to Geologic Correlation in America,” by 
W.L. F. Nuttall (Mexico). 

“Geochemical Processes During the Formation of Petroleum,” by Stan- 
islav Zuber (Poland). 

“Tdeas on the Genesis of Petroliferous Deposits,” by Jun-Ichi Takahashi 
(Japan). 
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‘Notes on the Standardization of Conventional Symbols for Well Logs,”’ 
by Stanislav Zuber (Poland). 

“Does Petroleum Exist in the Paleozoic Formations of Europe?” by 
W. A. J. M. van Waterschoot van der Gracht (Holland). 

“The Mine of Asphaltic Limestone at Pont-du-Chateau,” by E. Aumaitre 
and M. Roques. 

“Bituminous Rocks in the Jura Region,” by J. Barlot (France). 

“The Problem of the Regeneration of the Petroleum Deposits of Borys- 
law, Poland,” by M. O. W. Wyszynski (Poland). 

“Research and Petroleum Prospecting by the Pioneer Company,” by 
O. W. Wyszynski (Poland). 

‘The Structure of the Gas fields of Transylvania,” by D. Ciupagea (Rou- 
mania). 

“La mise en place of the Petroleum Deposits of the Eastern Roumanian 
Carpathians,” by C. Macovie (Roumania). 

“The Bituminous Schists of the Belgian Congo,” by G. Pasau. 


GEOPHYSICS 


*Recent Geophysical Abstracts. The Seismos Geophysical Company, Han- 
over, Germany. 49 pp., 35 illus. Approx. 8.125 X 11.75 inches. 

*“Congrés international des mines, de la métallurgie, et de la géologie 
appliquée, VIIe Session” (International Congress of Mines, Metallurgy, and 
Applied Geology, 7th session), by Ch. Finaton and “W. T.” Rev. Petrol. 
(Paris), No 654 (October 26, 1935), pp. 1368-77. Abstracts (in French) of 
papers in Section of Applied Geology, of which the subdivision “Geophysics,” 
includes the following. 

“Recent Geophysical Prospecting in Alsace,’’ by E. Rothé (France). 

“Electrical Prospecting of the Potash Basin of Alsace,” by C. and M. 
Schlumberger. 

“The Variometric Method for Electrical Exploration in Mining and Sub- 
surface Stratigraphy,” by A. Zabelli (Italy). 

“An Application of the Electromagnetic Method for Prospecting for 
Anticlines,” by H. Galbrun and L. Cagniard. 

“The Principles of Electromagnetic Prospecting by Alternating Current 
with Very Low Frequency,” by Sabba S. Stefanescu (Roumania). 

“Magnetic Anomalies in Madagascar and Their Relation to Geological 
Phenomena,” by Andre Sovornin and Henri Besairie (Madagascar). 

“Anomalies of Magnetic Declination on the Mountain of Vinarice and 
Their Geologic Significance,’”’ by F. Cechura (Czechoslovakia). 

“Geophysical Research (Geomagnetic and Radioactive) in the Vicinity 
of Bratislava,” by F. Cechura and J. Splichal (Czechoslovakia). 

“The Present State of Development of Instruments for the Measurement 
of the Intensity of Gravity,” by A. Graf (Germany). 

“Some Anomalies of Gravity in North Java,” by L. M. H. Vreugde. 

““A Chemical Method Applied to the Search for Petroliferous Deposits,” 
by A. Graf (Germany). 

NEW MEXICO 


*“Ground-Water Resources of Northwestern New Mexico,” by G. A. 
Waring and D. A. Andrews. U.S. Dept. Interior Press Notice 108556 (Novem- 
ber 8, 1935). 2 mimeog. pp. and geologic map of northwestern New Mexico. 
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Describes manuscript report of 162 typewritten pages with several maps and 
other illustrations, copies of which may be consulted at the U. S. Geological 
Survey, Washington, D. C., at the office of the State engineer in Santa Fe, 
New Mexico, and at the State University of New Mexico at Albuquerque. 
*“Age of Ceja Glorieta Sandstone,” by Charles Keyes. Pan-Amer. Geol. 
(Des Moines, Iowa), Vol. 64, No. 4 (November, 1935), pp. 263-78, 6 figs. 


RUSSIA 


*“The Problem of Oil Possibilities of Devonian and Lower Carboniferous 
Sediments of the Kuznetsk Basin in Siberia,” by M. M. Charigin et a/. The 
Oil Industry (Moscow), No. 8 (August, 1935), pp. 9-18; 3 maps, I cross sec- 
tion. In Russian. 

*“Mud Volcanoes and Mud Volcanism,” by S. P. Kiselev. Jbid., pp. 
19-27. In Russian. 

*“The Chusovo District (Perm Province) in the Light of Geophysical 
Work,” by V. P. Skvortzov. Jbid., pp. 30-34; 3 maps, 1 cross section. In 
Russian. 

TEXAS 


*“Early History of Texas Redbeds Vertebrates,” by Alfred Sherwood 
Romer. Bull. Geol. Soc. America, Vol. 46, No. 11 (November 30, 1935), pp. 
1597-1658; 5 figs. 

TRINIDAD 

*“Notes on the Geology of South Trinidad with Special Reference to 
Palo Seco,” by G. W. Halse. Jour. Inst. Petrol. Tech. (London), Vol. 21, No. 
145 (November, 1935), pp. 940-51; 1 fig. 


WISCONSIN AND MINNESOTA 


*“Pre-Cambrian and Cambrian Relations in the Upper Mississippi Val- 
ley,” by G. I. Atwater and G. M. Clement. Bull. Geol. Soc. America, Vol. 46, 
No. 11 (November 30, 1935), pp. 1659-86; 3 figs. 

*“Cambrian Strata of Wisconsin,” by W. H. Twenhofel, G. O. Raasch, 
and F. T. Thwaites. /bid., pp. 1659-86; 1 fig., 1 pl. 


WYOMING 


Map of Osage Oil Field, Wyoming, by C. E. Dobbin, J. C. Miller, and 
K. L. Walter. U.S.Geol Survey (1935). Arealand structural map on scale of 1 to 
31,680. Contour interval, 100 feet on top of Newcastle sandstone member of 
Graneros formation. Available free at U. S. Geol. Survey, 1216 Interior Build- 
ing, Washington, D. C.; 523 Customhouse, Denver, Colorado; Midwest, 
Wyoming; and 305 Federal Building, Casper, Wyoming. 
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THE ASSOCIATION ROUND TABLE 


} MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. This does not con- 
stitute an election, but places the names before the membership at large. 
If any member has information bearing on the qualifications of these nom- 
nees, he should send it promptly to the Executive Committee, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMBERSHIP 

Dirk Jacobus Doeglas, Amsterdam, Netherlands 

Bouwe Dykstra, Paul L. Vandoit, Jerome B. Sasse 
Elmer William Fllsworth, Tulsa, Okla. 

Noel H. Stearn, C. F. Buchner, Clyde G. Strachan 
Ernest Montgomery Funkhouser, Houston, Tex. 

George Sawtelle, W. L. Goldston, Jr., L. T. Barrow 
Edgar Wayne Galliher, Bakersfield, Calif. 

R. W. Sherman, W. D. Kleinpell, Leslie M. Clark 
Lowell W. Saunders, Bakersfield, Calif. 

George W. Cunningham, J. M. Kirby, W. D. Kleinpell 
Morton Bayard Stephenson, Baton Rouge, La. 

Henry V. Howe, Reginald G. Ryan, W. D. Chawner 
Josiah Taylor, Houston, Tex. 

J. P. Schumacher, A. T. Schwennesen, E. W. K. Andrau 


FOR ASSOCIATE MEMBERSHIP 
| Dunbar Allen Fisher, San Antonio, Tex. 

W. K. Esgen, Fred M. Bullard, Robert H. Cuyler 
Melville Weston Fuller, Tulsa, Okla. 

L. Murray Neumann, L. F. McCollum, D. C. Nufer 
Lois Louise Johnston, Fort Worth, Tex. 

H. B. Fuqua, B. E. Thompson, J. B. Lovejoy 
Lee Carrol Lamar, Tulsa, Okla. 

L. Murray Neumann, E. O. Markham, D. C. Nufer 
Buford Maxwell Miller, Houston, Tex. 

Frank B. Notestein, F. C. Sealey, John C. Miller 
Walter George Moxey, McAlester, Okla. 

V. G. Hill, H. H. Kister, E. F. Shea 

Thomas Reilly Parker, Big Spring, Tex. 

C. W. Tomlinson, M. P. White, H. L. Griley 
| Maple Delos Shappell, Van Nuys, Calif. 
H. W. Hoots, H. K. Armstrong, Louis N. Waterfall 


FOR TRANSFER TO ACTIVE MEMBERSHIP 
Elmo W. Adams, Taft, Calif. 

L. A. Cranson, Wm. F. Barbat, Stanley G. Wissler 
Herbert Henry Bradfield, Wichita Falls, Tex. 

R. A. Birk, W. C. Bean, Sherwood Buckstaff 
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George Roger Pinkley, San Antonio, Tex. 

Herschel H. Cooper, Stuart Mosson, Joseph M. Dawson 
Horace L. Scott, Denver, Colo. 

Howard S. Bryant, A. I. Levorsen, J. K. Murphy 
William Earle Shamblin, Ada, Okla. 

William R. Gahring, Oscar Hatcher, G. M. Kridler 
Roderick Alexander Stamey, Houston, Tex. 

Sidney A. Judson, Marcus A. Hanna, W. F. Bowman 


TWENTY-FIRST ANNUAL MEETING, TULSA, OKLAHOMA, 
MARCH 19-21, 1936 


The twenty-first annual meeting of the Association will be held in Tulsa, 
Oklahoma, March 109, 20, and 21, 1936, at the invitation of the Tulsa Geologi- 
cal Society. The Mayo Hotel has been selected as convention headquarters. 
The Society of Economic Paleontologists and Mineralogists and the Society 
of Petroleum Geophysicists will hold their annual meetings in conjunction 
with that of the Association. : 

The Tulsa Geological Society convention committee of which Frank R. 
Clark, chief geologist of the Marathon Oil Company, Box 0981, Tulsa, is 
chairman, has been busy for several weeks planning for an attendance that 
may exceed the maximum registration of 1,827 persons, recorded at Tulsa 
during the twelfth annual meeting in 1927. In February the customary con- 
vention announcement will be mailed each member and associate, outlining 
the program and giving rates and other information. The February Bulletin 
also will contain more details. 

The preliminary announcement of the personnel of the Tulsa committee 
is as follows. 

General.—Frank R. Clark, chairman, Box 981; Ira H. Cram, vice-chair- 
man, in charge of technical program, Box 271; W. B. Wilson, vice-chairman, 
in charge of arrangements, Box 661. 

Technical Sessions—J. L. Borden, chairman, Box 271; T. C. Newman, 
Ed Cahill, Charles Ryniker, Gerald H. Westby. 

Registration.—Stanley B. White, chairman, Box 981; Dollie Radler Hall, 
L. H. Lukert, J. S. Redfield, J. D. McClure. 

Entertainment.—Larry D. Simmons, chairman, 605 Oklahoma Gas Build- 
ing, C. G. Carlson, Wm. E. Horkey, Clark Millison, George V. Dunn, H. F. 
Sackett, W. E. Bernard, G. C. Siverson. 

Trips.—N. W. Bass, chairman, Box 311; R. C. Coffin, John Fitts, Howard 
Clark, Chas. E. Decker, C. W. Tomlinson. 

Goif.—R. J. Cullen, chairman, Box 1348; Roscoe E. Shutt, Lewis G. 
Mosburg. 

Publicity —R. T. Lyons, chairman, Box 1650; L. G. E. Bignell, Floyd 
Swindell, J. B. Leiser, M. H. Brown. 

Reception.—R. B. Rutledge, chairman, Box 1650; G. S. Lambert, Lucian 
H. Walker, L. Murray Neumann, F. A. Bush, A. L. Beekly, Ed. Bloesch. 

Manuscripts and abstracts that are to be submitted for the technical 
program should be sent promptly to Ira H. Cram, The Pure Oil Company, 
Box 271, Tulsa, Oklahoma. Titles and abstracts are required for the printed 
program. Abstracts need be no more than roo words in length. They should 
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be received at Tulsa by March 1. Manuscripts should be typewritten in 
double-spaced lines and submitted in duplicate. It is preferable that illustra- 
tions for presentation at the time of oral delivery of the papers be prepared as 
slides for projection on the screen; however, map boards will be provided 
outside the lecture room, so that members may exhibit or examine other 
illustrations for more extended or informal discussion. 

Manuscripts placed on the program are considered available for Bulletin 
publication exclusively unless authors make special arrangement with the 
business manager, Box 1852, Tulsa, Oklahoma. The Association printed 
pamphlet Preparation of Manuscripts will be sent on request. 

Paleontology and petrology manuscripts and abstracts should be sent to 
Gayle Scott, Texas Christian University, Fort Worth, Texas. 

Geophysics manuscripts and abstracts should be sent to L. W. Blau, 
Humble Oil and Refining Company, Houston, Texas. 

The following is a preliminary list of authors and papers. 

A. I. Levorsen, presidential address. American Association of Petroleum Geologists. 

W. H. Twenhofel, presidential address. Society of Economic Paleontologists and 
Mineralogists. 

B. B. Weatherby, presidential address. Society of Petroleum Geophysicists. 

N. W. Bass, Constance Leatherock, W. R. Dillard, and L. E. Kennedy, “‘Character- 
istics and Origin of the Bartlesville and Burbank Sands in Osage and Kay Counties, 
Oklahoma and Cowley, Butler and Greenwood Counties, Kansas.”’ 

Charles E. Decker, ‘Some Ordovician and Silurian Correlations, Based on Graptolites.”’ 

Robert H. Dott, ‘‘Some Pennsylvanian Correlations in East-Central Oklahoma.” 

D. A. Green, “The Permian of Western Oklahoma.” 

Glenn Grimes, “Revision of Pennsylvanian-Permian Contact on North American Con- 
tinent.”’ 

W. B. Lang, “Permian of the Delaware Basin.” 

Wallace Lee, “Mississippian Limestone of Kansas.’’ 

S. W. Lowman, “The Central Oklahoma Uplift.” 

H. S. McQueen, “Pre-Mississippian Structural History of the Ozark Uplift of Mis- 
souri. 

Frank A. Melton, “Fractures in Hard Strata Above Oklahoma City Structure.” 

Joseph E. Pogue, ‘‘Economics of Crude Oil Prices.”’ 

“a Tomlinson, ‘Some Structural Features of the Arbuckle Mountains and Criner 

ills. 

Theron Wasson, ‘‘Oil and Gas Fields in Michigan with Particular Reference to Recent 
Developments.”’ 


In addition to the foregoing, several papers on structure, stratigraphy, 
and oil fields are being prepared. Geologists of the Skelly Oil Company will 
present a paper on the Cunningham pool, Kansas, and geologists of the 
Carter Oil Company will present papers on the Fitts and South Burbank 
pools, Oklahoma. An afternoon will be devoted to a discussion of world de- 
velopments since the last meeting. At the present writing it appears that the 
program will be well balanced and consequently of interest to all. 


GEOLOGIC NAMES AND CORRELATIONS 


Since 1932 the Committee on Geologic Names and Correlations has lent 
assistance to authors on problems of stratigraphic nomenclature. The com- 
mittee desires also to assist authors in other problems of geological nomen- 
clature, the most important problem being the correct use of structural terms. 
With this in mind, I am noting below a list of publications which authors 
may consult to their advantage on problems of structural nomenclature. 
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Economic geologists are particularly lax in the use of the terms “structure,” 
“high,” and “low.” All members interested in precise structural nomenclature 
are requested to send me their ideas on the proper usage of the foregoing 
three terms. The results of this correspondence will be published in the 
Bulletin. 


Text Book of Geology, by Archibald Geikie. Macmillan and Company, Ltd., London 


1903 

Traite de Geologie, by Emile Haug. Librairie Armand Colin, Paris (1927) 

a " Geologie, by Emanuel Kayser. Verlag von Ferdinand Enke, Stuttgart 

1921 

Geology, by Thomas C. Chamberlin and Rollin D. Salisbury. Henry Holt and Com- 
pany, New York (1907) 

A Text Book of Geology, Part 1, Physical Geology, by Chester R. Longwell, Adolph 
Knopf, Richard F. Flint. J. Wiley and Sons, Inc., New York (1933) 

A Text Book of Geology, Part 1, Physical Geology, by Louis V. Pirsson. J. Wiley and 
Sons, Inc., New York (1929) 

Geology, by William H. Emmons, George A. Thiel, Clinton R. Stauffer, Ira S. Allison. 
McGraw-Hill Book Company, Inc., New York and London (1933) 

Oil Finding ; An Introduction to the Geological Study of Petroleum, by E. H. Cunningham 
Craig. E. Arnold, London (1914) 

Geology of Petroleum, by William Harvey Emmons. McGraw-Hill Book Company, 
Inc., New York and London (1931) 

Practical Oil Geology, by Dorsey Hager. McGraw-Hill Book Company, Inc., New York 
and London (1926) 

The Geology of Petroleum and Natural Gas, by Ernest Raymond Lilley. D. van Nostrand 
Company, Inc., New York (1928) 

Structural and Field Geology, by James Geikie. Oliver and Boyd, Edinburgh (1912) 

Structural Geology, by Charles Kenneth Leith. H. Holt and Company, New York (1923) 

Principles of Structural Geology, by Charles Merrick Nevin. J. Wiley and Sons, Inc., 
New York (1931) 

Geologic Structures, by Bailey Willis and Robin Willis. McGraw-Hill Book Company, 
Inc., New York and London (1934) 

Field Methods in Petroleum Geology, by G. H. Cox, C. L. Dake, G. A. Muilenberg. 
McGraw-Hill Book Company, Inc., New York and London (1921) 

Field Geology, by Frederic H. Lahee. McGraw-Hill Book Company, Inc., New York 
and London (1931) 

Geological Nomenclator, edited by L. Rutten. Contents: “Exogenic Processes and 
Physiography,” by W. E. Boerman and K. Oestreich; ‘“Tectonic Geology,” by 
G. A. F. Molengraaff; “‘Volcanology,’”’ by B. G. Escher; “Seismology,” by G. Van 
Dijk; “Slow Changes in Levels and Mountain Building,” by L. Rutten; “Stra- 
tigraphy and General Palaeontology,” by P. Kruizinga; “Petrology,” by J. A. 
Grutterink; “‘Ore Deposits,’’ by H. F. Crondijs and C. Schouten; and “Alpha- 
betical Index,” by L. Rutten. Publication of Geologisch Mijnbouwkundig Genoot- 
schap voor Nederland en Kolonien (1929). G. Naeff, Vos in ’t Tuintje 1, The Hague, 
Holland. In Dutch, German, English, and French. 

“Report of the Committee on the Nomenclature of Faults—Harry Fielding Reid, 
Chairman,” by William Morris Davis, Andrew C. Lawson, F. L. Ransome, Bull. 
Geol. Soc. America, Vol. 24 (June 6, 1913), pp. 163-86. 

“A Glossary of the Mining and Mineral Industry,’”’ by Albert H. Fay. U. S. Bur. 
Mines Bull. 95 (1920). 

“Some Notes on the Nomenclature of Faults,” by N. W. Straley, III. Jour. Geol., 
Vol. XLIT, No. 7 (1934), pp. 756-63. 

“Revision of the Structural Classification of Petroleum and Natural Gas Fields,”’ by 
F. G. Clapp. Bull. Geol. Soc. America, Vol. 28 (1917), pp. 553-602. 


Ira H. Cram, chairman 


Committee on Geologic Names and 


Correlations 
Tusa, OKLAHOMA 
December 17, 1935 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 


A. Irvine LevorsEN, chairman, Tulsa, Oklahoma 
E. C. Moncrier, secretary, Wichita, Kansas 


Wuturam B. Heroy, New York, N. Y. 


Frank A. Morcan, Los Angeles, California 


L. C. Sumer, New York, N. Y. 


GENERAL BUSINESS COMMITTEE 


Sam M. Aronson (1936) 
Arruur A. BAKER (1936) 
R. F. BAKER (1937) 
A. Baker (1937) 
Roy M. Barnes (1937) 

R. A. Birk (1936) 

L. W. Brav (1936) 
Rosert L. CANNON (1937) 
Ira H. Cram (1937) 

E. F. Davis (1936) 
TuorNnTON Davis (1937) 
Frank W. DeWotr (1937) 


C. E. Dossin (1937) 

H. B. Fuqua (1937) 

L. W. Henry (1937) 
WituraM B. Heroy (1936) 
F. M. KANNENSTINE (1936) 
James W. Kis.ine, Jr. (1937 
A. 1. LevorsEn (1937) 
Tueopore A. Link (1937) 
Geratp C. Mappox (1937) 
E. C. Moncrter (1936) 
James G. Montcomery, JR. (1937 
Frank A. Morcan (1936) 


RESEARCH COMMITTEE 


L. Murray NEUMANN (1936) 
KENNETH DaLe OWEN (1937) 
G. W. ScHNEIDER (1937) 
Scott (1936) 

E. F. SHEA (1937) 

L. C. SNIDER (1936) 

J. STAFFORD (1937) 

J. D. Tompson, JR. (1936) 
J. M. VetTer (1936) 

Louis N. WATERFALL (1937) 
Maynarp P. Ware (1936) 
New H. WItts (1937) 


Donatp C. BARTON (1936), chairman, Humble Oil and Refining Company, Houston, Texas 
Haro W. Hoots (1936), vice chairman, Union Oil Company, Los Angeles, California 
M. G. CHENEY (1937), vice chairman, Coleman, Texas 


R. S. KNAPPEN (1936) 
W. C. SPoonER (1936) 
Parker D. Trask (1936) 
Rosert H. Dorr (1937) 
K. C. Heap (1937) 


F. H. Lawes (1937) 

H. A. Ley (1937) 

R. C. Moore (1937) 

F. B. PLumMER (1937) 
Joun G. Bartram (1938) 
C. E. Dossr (1938) 


Srantey C. Herowp (1938) 
Tueopore A. (1938) 
C. V. MILLIKAN (1938) 
Joun L. (1938) 

C. W. Tomuinson (1938) 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 
Freperic H. Lanes (1937) 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Ira H. Cram, chairman, Pure Oil Company, Tulsa, Oklahoma 


Joun G. BaRTRAM G. D. Hanna Ep. W. Owen 

M. G. CHENEY M. C, IsRAELSKY J. R. REEVES 

ALEXANDER DEUSSEN A. I, LEvorsEN ALLEN C. TesTER 

B. F. Hake C. L. Moopy W. A. Taomas 
R. C. Moore 


TRUSTEES OF REVOLVING PUBLICATION FUND 


Cuar.es H. Row (1936) 


TRUSTEES OF RESEARCH FUND 
G. C. GEesTEeR (1937) 


Rosert H. Dorr (1936) 


FINANCE COMMITTEE 


Josern E. Pocue (1936) E. DEGOLYER (1937) 


D. REED (1937) 


Tuomas S. Harrison (193%) 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
Frank Rinker Ciark, chairman, Box 981, Tulsa, Oklahoma 


H. Atkinson 


Carey CRONEIS S. E. 
Artuur E. H. B. Hn H. S. McQueen 
Hat P. Eart P, Hinpes E. K. Soper 
Herscuet H. Cooper Marvin Lee J. M. VETTER 
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Memorial 


SAMUEL JEFFERSON CAUDILL 


Samuel J. Caudill was born July 17, 1891, at Cannel City, Kentucky, and 
died October 14, 1935, at Ashland, Kentucky, His sudden death was due to an 
internal hemorrhage of the intestines, occurring some time during the night 
while he slept. Funeral services were held the next day at his home near 
Shelbyville, Kentucky, and burial was in the family lot in the cemetery of 
that town. He is survived by his wife and son, Samuel Jr., and two brothers, 
C. E. Caudill of Shelbyville, Kentucky, and Elmer Caudill, of Los Angeles, 
California. 

His primary and high school education was secured at various places, and 
one year was spent at the United States Military Academy at West Point, 
New York. Illness caused him to leave the Academy. He entered the Univer- 
sity of Kentucky in 1912 and graduated in 1916 as a mining and petroleum 
engineer. He attended Pennsylvania State College in 1916 and 1917 as a 
teaching fellow in mineralogy and geology and secured an M.S. degree there. 

During the summer and fall of 1917, Caudill was employed by Neely and 
Clover, oil producers, of Marietta, Ohio. On October 27, 1917, he and Miss 
Mayme Starling Boulware, of Shelbyville, Kentucky, were married and early 
in 1918 they came to Tulsa, where he was employed in the geological depart- 
ment of the Gypsy Oil Company. While with this company he was assigned 
to the work of estimating oil reserves of producing properties for depletion 
purposes to meet the requirements of the Federal income tax laws then in 
effect. 

On July 17, 1918, he was sent to Camp Meade, Maryland, witha draft of 
men from Shelby County, Kentucky, his parents having moved there in 1916. 
Having previously made application for admission to an officers’ training 
school, he was accepted and transferred to Camp Knox, Kentucky, and re- 
ceived a commission as second Lieutenant in the Artillery shortly after the 
armistice. 

After being discharged from the Army he returned to Tulsa and re-en- 
tered the employ of the Gypsy. Having become especially proficient in his 
work in estimating depletion of oil properties, he was offered and accepted a 
position in 1919 with the Marland Oil Company of Ponca City, Oklahoma. In 
the course of that work he became acquainted with W. O. Ligon and in 1920 
joined the firm of W. O. Ligon and Company of Tulsa to do similar work with 
that organization. 

A year later he opened his own office in Tulsa as petroleum engineer and 
tax consultant. His experience and connections in estimating reserves and tax 
work had given him an outstanding reputation in this specialty and among his 
numerous clients were many prominent oil companies and individuals. Work 
for these clients led him throughout the United States and into some foreign 
countries. 

This successful work led into similar lines for large estates and much of 
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his work for the past few years was in estimating values for inheritance tax 
purposes, as well as looking after his own investments. 

Desiring to return to Kentucky, Caudill and his family moved in August, 
1935, to a blue-grass farm 2 miles west of Shelbyville and he was preparing to 
engage in oil producing in that state. 

He was a member of the American Association of Petroleum Geologists 
since 1919, was a member of the national honorary engineering fraternity, 
Tau Beta Pi, of the American Institute of Mining and Metallurgical Engi- 
neers, the American Petroleum Institute, the Mid-Continent Oil and Gas 
Association, and the Tulsa Club. 

His untimely death cut short a career already successful in one line of 
work and of much promise in the course he had planned. 


LuctaN WALKER 
Tusa, OKLAHOMA 
November 22, 1935 
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CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


The second World Petroleum Congress will be held in Paris in July, 1937, 
according to a recent decision of the Institution of Petroleum Technologists 
in cooperation with the French Association of Petroleum Technologists. 


JeRoME B. BuRNeETT, recently with the Lago Petroleum Corporation at 
Maracaibo, Venezuela, has moved to Tampico, Tamps., Mexico, where he is 
with the Huasteca Petroleum Company. 


The International Petroleum Exposition and Congress will be held in 
Tulsa, Okalahoma, May 16-23, 1936. 


Epwarp A. KoesTER, geologist with the Darby Petroleum Company at 
Wichita, Kansas, gave his paper on “‘The Geology of the Central Kansas 
Uplift,” before the Tulsa Geological Society at Tulsa, Oklahoma, November 
18. 


C. A. HEILanp, of the Colorado School of Mines, gave an illustrated lec- 
ture on “A Geophysical Vacation in Europe,’’ before the Rocky Mountain 
Association of Petroleum Geologists at Denver, November 18. 


The Committee on Grants-in-Aid of the National Research Council will 
hold its next meeting in March, 1936. Applications for grants to be con- 
sidered at this meeting must be on file with the secretary of the committee, 
CLARENCE J. West, 2101 Constitution Avenue, Washington, D. C., not 
later than February 15. Additional information and application blanks will 
be furnished on request. 


W. ARMSTRONG PRICE, consulting geologist of Corpus Christi, has been 
elected president, and OLIN G. BELL, district geologist for the Humble Oil 
and Refining Company at Laredo, has been elected vice-president of the Texas 
Academy of Science. 


FRANK R. Crark and L. W. Jones, of the geological department of the 
Marathon Oil Company, presented a paper on the geology of the Edmond 
field before the Tulsa Geological Society, December 2. 


Eart H. Morris talked about “Ancient Peoples of Southwest Colorado,” 
before the Rocky Mountain Association of Petroleum Geologists at Boulder, 
Colorado, December 2. 


ALBERT LEE JONES is employed by the Continental Oil Company at 
San Antonio, Texas. 


Huco R. Kamp is with the United States Engineers office at St. Paul, 
Minnesota. 


CHARLES N. Goutp, Norman, Oklahoma, assisted by R. C. BEckstRom, 
is in charge of the minerals survey of Oklahoma being conducted with Federal 
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Work Projects Administration funds. CHARLES T. Kirk, of Tulsa, is super- 
vising the district work in Tulsa and other northeastern counties. 


Grorce T. McIntyre, formerly with the Missouri Geological Survey, 
has returned from Montana where he was working for Ep. Wiest, consulting 
geologist of Tulsa, Oklahoma, and the Adams Louisiana Royalty Company of 
Houston, Texas. 


Rosert H. Dott, director of the Oklahoma Geological Survey, outlined 
the work of the Survey in Oklahoma, at the Tulsa Geological Society weekly 
luncheon, November 14, 1935. 


J. E. Eaton, consulting geologist of Los Angeles, has an article in 
Petroleum W orld of November, 1935, “California is Earth’s Youngest Child,” 
illustrated by a sketch map of the main geologic features and oil develop- 
ments of the Los Angeles Basin and two aerial photographs of geologic fea- 
tures. 


JosepH MEApows Dawsov, JR., arrived at San Antonio, Texas, Novem- 
ber 13, 1935, weighing 7 pounds. 


Epcar D. Cant is employed by the Skelly Oil Company of Tulsa, 
Oklahoma. 


The United States Geological Survey announces that the engraving of 
the final colored edition of the geologic map of Texas has been started, and 
much progress has been made in engraving boundary lines. The map is on a 
scale of 1:500,000 and will be issued in four large sheets. On most of the map 
the geology is shown in considerable detail, and the preparation of the color 
patterns and printing of the map will be a slow and tedious process. It there- 
fore seems probable that the new map will not be available until late in the 
calendar year 1936. The price per copy can not yet be estimated, and orders 
for the map can not be accepted in advance of publication. 


Joun L. Ricu, of the faculty of the University of Cincinnati, Ohio, is the 
author of the New York State Museum Bulletin 299, ‘‘Glacial Geology of the 
Catskills.” 


HENRY FAIRFIELD OsBorn, paleontologist, president of the American 
Museum of Natural History from 1908 to 1933, died on November 6, 1935, 
at the age of 78 years. 


Ross KEyTE is with the Marathon Oil Company at San Angelo, Texas. 


LuTHER H. Wuite, geologist, affiliated with the J. A. Hull Company, 
Tulsa, resigned December 1, to become head of the land and geological de- 
partment of the Sunray Oil Company. 


Tuomas L. Barzey, formerly with the Shell Oil Company, Los Angeles, 
is now with the Shell Petroleum Corporation, St. Louis, Missouri. 


R. J. METCALF, geologist with the Marathon Oil Company, has changed 
his address from San Antonio to 2210 Esperson Building, Houston, Texas. 


R. J. Stipek, formerly of 1271 Fillmore, Topeka, Kansas, may now be 
addressed at 146 North Mansfield Avenue, Los Angeles, California. 
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RosBeErt S. BREITENSTEIN may be addressed in care of the Departmento 
Geologico, Ultramar S.A.P.A., Calle Chile 778, Buenos Aires, Argentina. 


W. B. Srnciar, geologist with the Amerada Petroleum Corporation, has 
been transferred from Wichita, Kansas, to 301 First National Bank Building, 
Enid, Oklahoma. 


M. B. Arick, with the Humble Oil and Refining Company, has moved 
from McCamey to Midland, Texas. 


R. G. GREENE, formerly with the Bolsa Chica Oil Corporation, Los 
Angeles, is now with the same company at San Angelo, Texas. 


A. vAN WEELDEN, De Bataafsche Petr. Mij, The Hague, Holland, has 
been spending several months in North and Central American oil fields. 


R. Wricut BARKER is paleontologist with Cia. Mex. “El Aguila,” at 
Tampico, Tamps., Mexico. 


Martin L. Strone, of the Anglo-Iranian Oil Company, Ltd., London, 
was studying conditions in the oil fields of the United States last year. 


Howarp M. Kirk may be addressed in care of Petrol Idaresi, Ankara, 
Turkey. 


SAM KornFELD is situated at Russell, Kansas. His postoffice address is 
Box 576. 


Ear A. TRAGER, of the National Park Service, Washington, D. C., 
showed talking moving pictures of the geological processes before the Okla- 
homa City Geological Society, December 9, 1935. 


Newly elected officers of the Oklahoma City Geological Society are: 
president, R. W. LauGuitin, of Laughlin and Simmons; vice-president, 
LELAND W. Jones, of the Marathon Oil Company and secretary-treasurer, 
HENRY SCHWEER, 2810 First National Building. 


New officers of the Tulsa Geological Society for 1936 are: president, 
R. B. RutLepGE, of the Skelly Oil Company; first vice-president, G. S. 
LAMBERT, of the Shell Petroleum Corporation; second vice-president, LucIAN 
H. Walker, 614 Atlas Building; secretary-treasurer, Larry D. Srumons, 
Oklahoma Natural Gas Building; editor, Tuomas C. H1estanp (re-elected), 
of W. C. McBride, Inc. 


James N. Hocxan is district supervisor on the special Federal minerals 
survey in Alfalfa, Woods, and Major counties, Oklahoma. He has been sta- 
tioned at Alva. 


Rurus MATHER Bac6, consulting geologist, Appleton, Wisconsin, was 
instrumental in locating an artesian water well at the depth of 425 feet. The 
well was completed in the Niagara limestone, flowing more than 1,000 gallons 
per minute, a record for Wisconsin. 


Ata meeting of the Rocky Mountain Association of Petroleum Geologists, 
Denver, Colorado, December 16, Ross L. HEATON spoke on “‘Geology of the 
Proposed Grand Lake Tunnel,” and on January 6, H. W. Oporne spoke on 
“The Changing Picture in California.” 
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The North Texas Geological Society elected the following officers for the 
year 1926: president, Tom L. CoLEMAN, United States Geological Survey; 
vice-president, RoBERT RotH, Humble Oil and Refining Company; secretary- 
treasurer, S. G. WAGGONER, 2013 Brown Street, Wichita Falls. 


ARNOLD S. BunTE, who has been district exploitation engineer for Shell 
Petroleum Corporation, at Greenwich, Kansas, has been transferred to Tulsa, 
Oklahoma, as subsurface engineer. 


ARTHUR B. Brown, formerly of Bakersfield, California, may now be ad- 
dressed at Box 1462, Midland, Texas. 


CHARLES R. HorrMan, who has been chief geologist for Mission D’Etudes 
de Recherches Petrolieres, Mainterano, Madagascar, for the past three years 
has returned to France. His address is 79 Grandes Arcades, Strasbourg. 


Epwin A. WAHLSTROM, geologist with the Stanolind Oil and Gas Com- 
pany, has been transferred from Midland, to Fort Worth, Texas. 


Dorsey Hacer, formerly of Dawson Springs, Kentucky, is now at 808 
Olds Tower Building, Lansing, Michigan. 


E. K. Soper, associate professor of geology at the University of California, 
at Los Angeles, is now residing at 453 Loring Avenue, Los Angeles. 


BouweE Dykstra, formerly located at Houston, Texas, with the Shell 
Petroleum Corporation, is now division superintendent at Corpus Christi for 
the same company. ; 


W. Dow Ham, geologist with the Shell Petroleum Corporation, has re- 
turned to Houston, Texas, from The Hague, Holland. 


V. A. Brixt, geologist for the Humble Oil and Refining Company, has 
been transferred to the company’s main office at Houston from Midland, 
Texas. 


GLENN S. D11tzg, chief paleontologist for The Texas Company, in the 
Oklahoma-Kansas-Kentucky division, resigned January 1 to take up con- 
sulting work. He will remain in Tulsa. 


Lewis G. WEEKs, chief geologist for the Standard Oil Company of Ar- 
gentina, has returned to that country after spending his vacation in the 
United States, Scotland, and England. His address is Compamento Central, 
Manuela Pedraza, FCCNA, Salta, Argentina. 


KENNETH B. NowE ts has changed his address from the Forest Oil Cor- 
poration, Bradford, Pennsylvania, to 403 South Washington, San Angelo, 
Texas. 


C. W. SANDERS, geologist with the Shell Petroleum Corporation, has been 
transferred for an indefinite period from Houston, Texas, to 30 Carel van 
Bylandtlaan, The Hague, Holland. 


Norman E, WErsporp, formerly with the Standard Oil Company, Tar- 
tagal, Compamento Central FCCNA, Argentina, is now with the Neder- 
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landsche Koloniale Petroleum Mij, Soengi Gerong, Palembang, Sumatra, 
Dutch East Indies. 


Henry Bates Peacock, with Geophysical Service, Inc., has changed his 
address from Dallas, to 825 Esperson Building, Houston, Texas. 


ALBERT W. WEEKS, in the exploration department of the Shell Petroleum 
Corporation, has been transferred from Houston to Wichita Falls, Texas. 


H. H. ArNo.p, Jr., who has been district geologist for The Texas Com- 
pany, at Shawnee, has been transferred to the Tulsa office. E. A. Dawson, 
who has been assistant geologist in the Wichita, Kansas, office, succeeds 
Arnold at Shawnee. 


HELEN Prer Birp, micropaleontologist with the Humble Oil and Refining 
Company, Midland, Texas, and CHARLES FREDERICK FALLEY, III, petroleum 
engineer for the same company at McCamey, were married at El Paso on 
December 7. . 


W. C. KNEALE, geologist for The Texas Company, has been transferred 
from the Wichita Falls, Texas, office to the Tulsa division of the company. 
His headquarters are at Urbana, Illinois. 


Paut L. BArtRAM has changed his address from Breckenridge, Texas, to 
the Phillips Petroleum Company, Box 152, Shawnee, Okiahoma. 


Wii1AM H. Butt has changed his address from 3428 Stanford Street, 
Dallas, Texas, to 2220 East Twentieth Street, Tulsa, Oklahoma. 


M. L. KERLIN, Jr., is with the Shell Petroleum Corporation at Wichita 
Falls, Texas. 


Wywne K. Hastincs, formerly located at Wilson, Oklahoma, may now 
be addressed at Box 301, Lovington, New Mexico. 


W. C. MENDENHALL, director of the United States Geological Survey, 
Washington, D. C., has been elected president of the Geological Society of 
America, succeeding Nevin M. FENNEMAN, professor of geology and geog- 
raphy at the University of Cincinnati. 


The San Antonio Geological Society, 525 Milam Building, San Antonio, 
Texas, now has for sale copies of the hand-colored geologic road maps with 
road logs of the highway from Laredo to Mexico City. This is the map used 
on the Society’s seventh annual field trip to the Mid-Year meeting of the 
Association. There are two sizes: (1) 14 x 51 inches; (2) 11 x 34 inches. The 
road log is in pamphlet form. Price: large map with road log, $1.25, plus 15 
cents for postage if mailed in cylinder to prevent folding; small size, with 
road log, $1.00, plus 5 cents postage. Members who attended the Mexico 
City trip without being supplied with the map may purchase a print at 50 
cents per copy. 


The Appalachian Geological Society, Charleston, West Virginia, at a 
recent meeting, elected the following cfficers: president, J. E. BILLINGSLEY, 
Commonwealth Gas Corporation, 401 Union Building; vice-president, 
CHARLES E. Kress, consulting geologist and engineer; secretary-treasurer, 
Rosert C. Larrerty, Columbian Carbon Company, Box 1240. 
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Members of the Association. For Rates Apply to 
A.A.P.G. Headquarters, Box 1852, Tulsa, Oklahoma 


CALIFORNIA 


PAUL P. GOUDKOFF 


Geologist 
Geologic Correlation Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
Los ANGELES, CALIFORNIA 


C. R. McCOLLOM 
Consulting Geologist 


Richfield Building 
Los ANGELES, CALIFORNIA 


WALTER STALDER 
Petroleum Geologist 


925 Crocker Building 
SAN FRANCISCO, CALIFORNIA 


WILLARD J. CLASSEN 
Consulting Geologist 
Petroleum Engineer 


1093 Mills Building 
SAN FRANCISCO, CALIFORNIA 


RICHARD R. CRANDALL 


Consulting Geologist 


415 Haas Building 
LOS ANGELES, CALIFORNIA 


COLO 


RADO 


JOHN H. WILSON 
Geologist and Geophysicist 


HEILAND RESEARCH CORPORATION 
Registered Geophysical Engineers 
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Colorado Geophysical Corporation — Surveys — Interpretations — 
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lew York Houston 
FREDERICK G. CLAPP Ae 
Geologist Engineers 
Consulting Geologist 
PETROLEUM 
50 Church Street NATURAL GAS 
NEW YORK 120 Broadway New York, N.Y. 
OHIO PENNSYLVANIA 
HUNTLEY & HUNTLEY 
Geologist and Engineers 


Specializing in extension of ‘‘shoestring’’ pools 


University of Cincinnati 
Cincinnati, Ohio 


L. G. HUNTLEY 
J. R. Jr. 


Grant Building, Pittsburgh, Pa. 


OKLA 


ILOMA 


R. W. Laughlin L. D. Simmons 
WELL ELEVATIONS 


Oklahoma, Kansas, Texas, and 
New Mexico 
LAUGHLIN-SIMMONS & CO. 
605 Oklahoma Gas Building 
OKLAHOMA 


GEO. C. MATSON 
Geologist 


Philcade Building Tusa, OKLA. 
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OKLAHOMA 


G. H. WESTBY 


Geologist and Geophysicist 


Seismograph Service Corporation 


GINTER CHEMICAL 
LABORATORY 


Analytical Work on 
Oil, Gas, Water and Cores 


R. L. GINTER 118 West Cameron 
Kennedy Building Tulsa, Oklahoma Owner Tulsa 
TEXAS 
— DAVID DONOGHUE 


Geologist 


614 National Bank of Tulsa Building 


Consulting Geologist 


Appraisals - Evidence - Statistics 


TULSA OKLAHOMA 
Fort Worth National FORT WORTH, 
Bank Building TEXAS 
TEXAS 
E. E. Rosaire F. M. Kannenstine 
ALEXANDER DEUSSEN 
Consulting Geologist & 
Gull Coast Sah ‘onsulting Geophysicists 
1606 Shell Buildi Specializing in 
HOUSTON, TEXAS Seismograph Explorations 
Esperson Building HOUSTON, TEXAS 
DONALD C. BARTON PHILLIP MAVERICK 
Geologist and Geophysicist Petroleum Geologist 
Humble Oil and Refining 
Company Western Reserve Life Building 
HOUSTON TEXAS SAN ANGELO TEXAS 
ine Presid 
ice-Presiaeni 
DABNEY E. PETTY 
THE FORT WORTH 
LABORATORIES Geologist 


Analyses of Brines, Gas, Minerals, Oil. Inter- 
pretation of Water Analyses. Field Gas Testing. 
8284 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


P. O. Drawer 1477 SAN ANTONIO, TEXAS 


JOHN S. IVY 
United Gas System 


921 Rusk Building, HOUSTON, TEXAS 


W. P. JENNY 
Geologist and Geopbhysicist 
Gravimetric Seismic 
Magnetic Electric 
Surveys and Interpretations 
2102 Bissonett HOUSTON, TEXAS 
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TEXAS 
J. S. HupNALL G. W. Piette 
A. T. SCHWENNESEN 
HUDNALL & PIRTLE 
Geologist 
Petroleum Geologists 

Appraisals Reports 1517 Shell Building 

Peoples Nat'l Bank Bldg. TYLER, TEXAS HOUSTON TEXAS 


OLAF F. SUNDT 
Geologist and Geophysicist 
Specializing in Gravity Work 


Sterling Building Phone Preston 8582 
Box 962 Houston, Texas 


W. G. J. P. ScoumacHer A. C. Pacan 


TORSION BALANCE 
EXPLORATION CO. 


Torsion Balance Surveys 


1028-30 Post Dispatch Bldg. Phone: Preston 7315 
HOUSTON, TEXAS Cable: Torbalex 


HAROLD VANCE 
Petroleum Engineer 


Petroleum Engineering Department 
A. & M. College of Texas 
COLLEGE STATION, TEXAS 


WYOMING 


E. W. KRAMPERT 
Consulting Geologist 


P.O. Box 1106 
CASPER, WYOMING 


WANTED!!! 


A.A.P.G. Bulletins, April-December, 1933 


The Association will pay fifty cents 
($0.50) per copy for the paper-covered 
numbers of the Bulletin issued in the 
months of April to December, inclusive, 
1933, if in good and acceptable condi- 


tion. 


The American Association of 
Petroleum Geologists 


Box 1852 


Tulsa, Oklahoma 
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GEOLOGICAL AND GEOPHYSICAL 


COLORADO KANSAS 
ROCKY MOUNTAIN KANSAS 
ASSOCIATION OF PETROLEUM GEOLOGICAL SOCIETY 
GEOLOGISTS WICHITA, KANSAS 
DENVER, COLORADO President tale Howard S. Bryant 
President Waldschmidt Vice-President cton — I. Daniels 
Cakesnte School of Mines, Golden, Colorado Continental Oil Company, Ponca City Oklahoma 
Vice-President - Ross L. Heaton Treasurer Ward R. Vickery 
2374 Elm Street 04 Fourth National Bank Building 
C. E. Erdmann 


3 Custom House Building 
Secretary Treasar rlan Johnson 
Colorado School of Mines, Golden, Colorado 


Luncheon meetings, first and third Mondays of 
each month, 6:15 P.M., Auditorium Hotel. 


Regular Meeti 7:30 P.M. Allis Hotel, first 
of ea neath. Visitors cordially wel- 


ny Soci sponsors the Kansas Well Log Bureau 
which is cmed at 412 Union National Bank 
Building. 


LOUISIANA 


OKLAHOMA 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 


SHREVEPORT, LOUISIANA 


President - - Paul E. Nash 
Magnolia “Petroleum Company 
Vice-President B. W. Blanpied 
Gulf Refining Company 
Secretary-Treasurer - -  Shapleigh G. Gray 
The Texas Company 


Meets the first Friday of every month, Civil Courts 
Room. Caddo Parish Court House. Luncheon every 
Monday noon, Caddo Hotel. 


THE SOCIETY OF 


PETROLEUM GEOPHYSICISTS 
TULSA, OKLAHOMA 
President- B. B. Weatherby 


Geophysical Research Corporation 
Tulsa, Oklahoma 
Vice-President -  - L. W. Blau 
Humble Oil and Refining Company 
Houston, 
Editor - - F. M. Kannenstine 
2011 Esperson Building 
Houston, Texas 
Secretary-Treasurer - - - Gerald H. Westby 
~ Service Corporation 
Tulsa, Oklahoma 


OKLAHOMA 
OKLAHOMA CITY SHAWNEE 
GEOLOGICAL SOCIETY GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA SHAWNEE, OKLAHOMA 

President - -  R. W. Laughlin D. Henderson 

First Nationa! Building Stanolind Oil and Gas Tioken 
Vice-President - Leland W. Jones W. H. Wynn 

Marathon Oil signi Sinclair-Prairie Oil and Gas ages 
Secretary-Treasurer Henry Schweer Secretary-Treasurer W. O'Keeffe 


2810 First National Building 


Meetings: Second Monday, each month, 8:00 P.M., 
Commerce Exchange Bui ding. Luncheons: Every 
Monday, 12:15 p.M., Commerce Exchange Building. 


Phillips Petroleum deo 


Mects the fourth Monday of each month at 7:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 


SOCIETY OF TULSA 
TULSA, OKLAHOMA 
Glenn S. Dillé 
1632 South Cheyenne Avenue 
Joseph L. Borden 
Secretary E. Minnes 


Tide Water Oil 


Second and Wednesdays, each 
morth, from October to . inclusive, at 8:00 
P.M., rd. floor, Tulsa 


TULSA 
GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - R. B. Rutledge 
‘Skelly Oil Company 
ist Vice- G. S. Lambert 
Shell Petroleum Corporation 
2nd Vice-President - - Lucian H. Walker 
614 Atlas Life Building 
Secretary-Treasurer - Larry D. Simmons 
lahoma Natural Gas Building 
Editon Thomas C. Hiestand 
Cc. McBride, Inc. 
Fire” and_ third Mondays, each month, 
ober to May, inclusive, at 8:00 P.M., 
fourth floor, Tulsa Building. Luncheons: Every 
Thursday, fourth floor, Tulsa Building. 
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S O ? I E iy I E S For Space Apply to A.A.P.G. Headquarters 
Box 1852, Tulsa, Oklahoma 
TEXAS 
DALLAS FORT WORTH 
PETROLEUM GEOLOGISTS GEOLOGICAL SOCIETY 
DALLAS, TEXAS FORT WORTH, TEXAS 
Pressdemt - - §S. H. Casteel 
President - - - - - - - + H, J. Hawley Petroleum Building, Box 2077 
The California Company Vice-President - - - - _- Alan Bruyere 
Vice-President - - - Charles B. Carpenter The Texas Company, Box 1160 
U. S. Bureau of Mines Secretary-Treasuser - Cc. D. Cordry 


Secretary-Treasurer - 


« « A. Sek 
Texas Seaboard Oi! Company . 


Meetings will be announced. 


Gulf Production Company, Box 1290 


Meetings: Luncheon at noon, Worth Hotel, every 
Monday. Special meetings called by executive com- 


mittee. Visiting geologists are welcome to all 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 
President - - Merle C. Isk 
United Gas Company 
Vice-President Phil F. Martyn 
Houston Oil Company of Texas 


813 Second National Bank Building Tr 


Regular meetings, every Thursday at noon (12:15) 
at the Houston Club. Frequent special meetings 
called by the executive committee. For any par- 
ticulars pertaining to meetings call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


President - - - - - + + - Tom L. Coleman 
United States Geological Survey 
Vice-President - - - - - ~ ~- = Robert Roth 
Humble Oil and Refining Company 
Secretary-Treasurer - - - - - S. G. Waggoner 
2013 Brown Street 


Meetings: Second Friday, each month, at 6:30 P.M. 
Luncheons: Fourth Friday, each month, at 12:15 
P.M. 

Place: Hamilton Building 


EAST TEXAS GEOLOGICAL 
SOCIETY 
TYLER, TEXAS 


. W. Kisling, Jr. 
Amerada Petroleum Je 


Secretary-Treasurer George W. Pirtle 
Hudnall and Pirtle, Consulting Geologists 


Meetings: Monthly and by call. 


Luncheons: Every Friday, Cameron's Cafeteria. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


SAN ANGELO, TEXAS 


President - + + + Charles D. Vertrees 
Continental Oil Company, Midland 
Vice-President - - +  F. H. McGuigan 
Shell Petroleum Corporation, San Angelo 


Secretary-Treasurep = Vorbe 
Stanolind Oil and Gas Company, Midland 


Meetings: First Saturday, each month, at 7:30 P.M. 
Luncheons: Alternate — - at 12:15, St. An- 
gelus Hotel, San Angelo; alternate Thursdays at 
12:15, Scharbauer Hotel, Midland. 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 


CHARLESTON, WEST VIRGINIA 


President - + + = + J. E, Billingsley 
Commonwealth Gas Corporation 
401 Union Building 
Vice-President - - Charles E. Krebs 
Consulting Geologist and Engineer 
Secretary-Treasurer - Robert C. Lafferty 
Columbian Carbon Company, Box 1240 


Meetings: Second Monday, each month, at 6:30 
P.M Ruffner Hotel. 
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WELL LOGS 


Write for samples 
THE MID-WEST PRINTING CO., 


Refer your Well Log Problems 
to Specialists 


BOX 766, TULSA, OKLAHOMA 


WANTED!!! 
A.A.P.G. Bulletins, April-December, 1933 


The Association will pay fifty cents (0.50) per copy for the paper-covered bers of the Bull 
in the months of April to December, inclusive, 1933, if in g and acceptable condition. 


The American Association of Petroleum Geologists 


in issued 


Box 1852 Tulsa, Oklahoma 


REVUE DE GEOLOGIE REVIEW OF GEOLOGY 


et des Sciences connexes 


RASSEGNA DI GEOLOGIA 
e delle Scienze affini 


and Connected Sciences 


RUNDSCHAU FUR GEOLOGIE 
und verwandte Wissenschaften 


Abstract journal published monthly with the :oédperation of the FONDATION UNIVERSITAIRE DE 

BELGIQUE and under the auspices of the SOCIETE GEOLOGIQUE DE BELGIQUE with the collabora- 

tion of several scientific institutions, geological surveys, and correspondents in all countries ef the world. 
GENERAL OFFICE, Revue de Géologie, Institut de Géologie, Université de Liége, Belgium. 


TREASURER, Revue de Géologie, 35, Rue des Armuriers, Liége, Belgium. 


Subscription, Vol. XV (1935), 35 belgas 


Sample Copy Sent on Request 


The Annotated 


Bibliography of Economic Geology 
Vol. VII, No. 1 
Is Now Ready 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I, II, 
III, IV. V, and VI can still be obtained 
at $5.00 each. 


The number of entries in Vol. I is 
1,756. Vol. II contains 2,480, Vol. ITI, 
2,260, Vol. IV, 2,224, Vol. V, 2,225, and 
Vol. VI, 2,085. 


Of these, 3,385 refer to petroleum, gas, 
etc., and geophysics. They cover the 
world. 


If you wish future numbers sent you 
promptly, kindly give us a continuing 
order. 


Economic Geology Publishing Co. 
Urbana, Illinois, U. S. A. 


THE 
JOURNAL OF 
GEOLOGY 


a semi-quarterly 
Edited by 
ROLLIN T. CHAMBERLIN 


Since 1893 a constant record of 
the advance of geological science. 
Articles deal with problems of 
systematic, theoretical, and funda- 
mental geology. Each article is re- 
plete with diagrams, figures, and 
other illustrations necessary to a 
full scientific understanding. 


$6.00 a year 
$1.00 a single copy 


Canadian postage, 25 cents 
Foreign postage, 65 cents 


THE UNIVERSITY OF CHICAGO PRESS 
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AREA SURVEYED IN MILLIONS OF ACRES 


“PROGRESS CHART 
WILLIAM M. BARRET, INC. 
SHREYEPORT, LOUISIANA. 


PROFILE TRAVERSED IN HUNDREDS OF MILES. 
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PROGRESS 


Perhaps the best evidence of the value 


of a professional service is the extent to which it is used by the group it serves. 
We recognize this, and take pardonable pride in the widespread application of 


our geophysical service. 


During the past five years our areal 

surveys have embraced more than eleven million acres, and our profile studies 

have totaled three thousand five hundred miles. The continuous growth in our 
commercial field operations is displayed clearer than words can tell by the 


Progress Chart on the opposite page. 


Geologists are becoming more and 
more familiar with the advantages offered by our magnetometric method of 
mapping structure, a method that has been utilized successfully from California 


to Florida. 


We shall be pleased to discuss with 


you the advisability of including our geophysical service in your exploration 


program. 


WILLIAM M. BARRET, INC. 


Consulting Geophysicists 
GIDDENS-LANE BUILDING . . . . . SHREVEPORT, LA. 
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ANOTHER STRUCTURE VOLUME! 


GEOLOGY OF 
NATURAL GAS 


Edited by Henry A. Ley 


A NEW A.A.P.G. BOOK JUST OFF THE PRESS NOW AVAIL- 
ABLE TO A.A.P.G. MEMBERS AND ASSOCIATES, IN GOOD 
STANDING, AT THE SPECIAL PRICE OF 

$4.50, POSTPAID 


($6.00 to non-members) 


1227 PAGES, 250 ILLUSTRATIONS 
STRUCTURE, STRATIGRAPHY, VALUATION, RESERVES 
TWENTY-FIVE STATES, CANADA, AND MEXICO 


The American Association of Petroleum Geologists 
Box 1852, Tulsa, Oklahoma 


Have You Bought Your Copy? 


STRUCTURE OF TYPICAL AMERICAN OIL FIELDS 
VOLS. I-II 


PRICE, $5.00 EACH, TO MEMBERS AND ASSOCIATES 


This valuable collection of geological data is increasing the enviable scientific reputation of 
the Association. It is a distinctive publication. Only a few of these important papers are pub- 
lished in the Bulletin. Members and associates have the opportunity of securing one of these 
books at $5.00 per copy. 

Volume I, 510 pp., 190 illus. Cloth. Price to non-members, postpaid, $7.00 
Volume II, 780 pp., 235 illus. Cloth. Price to non-members, postpaid, $7.00 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U. S. A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 
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FIRST GEOPHYSICAL OIL 
for th 
ROCKY DISTRICT 
secured by the California Company in their first well on the 
QUEALY DOME, ALBANY COUNTY, WYOMING 


drilled on Reflection Seismograph work done 
By 


COLORADO GEOPHYSICAL CORPORATION 
. H. Wilson, President 
610 Midland Savings Bldg. Denver, Colorado 


Affiliated with 
INDEPENDENT EXPLORATION COMPANY 


E. E. Rosaire, President 
Esperson Building Houston, Texas 
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A Book of Basic Geological Value .. . 


ORIGIN and 
ENVIRONMENT of 
SOURCE SEDIMENTS 


When John D. Rockefeller donated $250,000 to the American 
Petroleum Institute a few years ago, to be used in research on 
problems of fundamental importance to the petroleum industry, 
one of the important problems taken up was the study of the sub- 
stances that actually generate oil from sediments. Five years were 
spent in the investigation of possible source sediments as they are 
actually accumulating beneath the sea now. 

Through an arrangement made by the publishers with the 
American Petroleum Institute, the results of this remarkable study 
—hbasically of great importance in geologic study—are made 
available in book form under the title of 

“Origin and Environment of Source Sediments.” 
Edited by Parker D. Trask with Harald A. Hammar and C. C. 
Wu as co-authors, it embodies the results of five years’ work on 
the part of Mr. Trask, one year’s work on the part of Mr. Wu 
and two years’ work on the part of Mr. Hammar. 


323 Pages, Size 6 x 9—Fabrikoid Binding 


Send order to the 


GULF PUBLISHING COMPANY 


Book Dept. P. O. Box 2811, HOUSTON, TEXAS 


In summary 
the book presents: 


Collection and Preparation of 
Samples. 


Measurement of Organic Con- 
tent. 


Distillation Tests. 
Texture of Sediments. 


Calcium Carbonate Content of 
Sediments. 


Relation of Organic Matter to 
Environment. 


Detailed Analyses of Organic 
Constituents of Sediments. 


Change in Organic Content with 
Depth. 


Comparison of Past and Recent 
Sediments. 


Miscellaneous Results. 


Theoretical Considerations. 


— 
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_— seismograph service not only 


requires men and equipment but must be 
supplemented by organization and re- 
search. 

The Western Geophysical Company pro- 
vides all the factors for successful reflec- 
tion surveys — accurate instruments, 
trained personnel, adequate supervision 
and a completely equipped research labor- 


atory. 


—All at your service— 


WESTERN GEOPHYSICAL COMPANY 


PETROLEUM SECURITIES BLDG. PHILCADE BLDG. 
LOS ANGELES, CALIF. TULSA, OKLAHOMA 
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TULSA, The World’s Oil Capital 


Where one can find a greater concentration of major oil company head- 
quarters than in any other city in America. And the Petroleum Geologist 
knows that this means executive offices and operating headquarters—the 
source of geological assignments. 


* TULSA is National Headquarters for the leading associations of the oil 
industry, including the A.A.P.G., and is ideally situated as a convention 
city for these great oil organizations. Residents of Tulsa come in personal 
contact with leaders of all branches of the industry many times a year. 


* TULSA is the home of the great International Petroleum Exposition, 
which attracts many thousands of oil men, and is the world’s greatest 
annual concentration of leaders in the industry. 


® The Technical Department of the Tulsa Public library is the world’s most 
comprehensive petroleum library. For many years this department has 
purchased every new book on petroleum and gas, has complete files of 
64 technical journals and of the publications of the U.S.G.S., the U. S. 
Bureau of Mines, and all state geological reports. 


® TULSA is a metropolitan city, with superior public schools, fine churches, 


2,500 acres of parks and playgrounds, varied sports and amusements, and, 
all in all, is an ideal city in which to live and earn a livelihood. 


For further particulars write 


THE TULSA CHAMBER of COMMERCE 
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The latest on Arkansas 


OIL AND GAS GEOLOGY 
of the 
COASTAL PLAIN IN ARKANSAS 


By W. C. SPOONER 
With a chapter on UPPER CRETACEOUS OSTRACODA 
By MERLE C. ISRAELSKY 


This new book is privately printed and published from manuscript obtained from 
the ARKANSAS GEOLOGICAL SURVEY, GEORGE C. BRANNER, STATE 
GEOLOGIST. It is not designated as a State report, though it is the same material 
which the Survey would have published had public funds been available. It is, 
therefore, not obtainable through the usual Survey distribution. 


XXXII and 516 pp., 95 figs., 22 pls., 57 tables. 6 x 9 inches. Cloth 
PRICE, $3.80, POSTPAID 
Order from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
Box 1852, TULSA, OKLAHOMA 


| 
For All Students of GEOPHYSICS! 
: A Work of Comprehensive Scope 


Geophysical Methods of Prospecting 
Principles and Recent Successes 


By C. A. 
Professor of Geophysics, Colorado School of Mines 


This description of the fundamental principles of geophysical prospecting, pub- 


) lished in 1929, continues to be a highly useful aid to students and to practising 
geophysicists. 
i amine of information, particularly reference material. .. . The reviewer 
| recommends it to any one wishing to get a vivid picture of the magnitude and ex- 
i tent of geophysical prospecting.”—Bull. A.A.P.G. 
166 pp., 66 figs., paper cover, 6 x 9 inches, postpaid, $1.00 
. Also, “A Selected List of Books and References on Geophysical Prospecting,” by 
Heiland and Wantland. Postpaid, $0.50 
Order from 
THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS 
Box 1852, Tulsa, Oklahoma 
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Articles for February Bulletin 


Miocene Stratigraphy and Paleontology of Palos Verdes Hills, Cali- : 
fornia 
By W. P. Wooprinc, M. N. BRAMLETTE, AND R, M. KLEINPELL 

Age and Correlation of Schist, Sand, and Conglomerate of Venice and / 
Del Rey Hills Fields, California 
By H. Corey 

Hoskins Mound Salt Dome, Brazoria County, Texas 
By ARCHER H, Marx 

Late Recent History of Cote Blanche Salt Dome, Saint Mary Parish, 
Lovisiana 
By Donavp C. BARTON 

Field Photography for Geologists 
By F. T. Tuwairtes 


Refugian Stage of Pacific Coast Tertiary 
By Husert G. SCHENCK AND Rosert M. KLEINPELL 


BULLETIN ADVERTISERS 


American Askania Corporation ........... vi Journal of Paleontology ................ 
Baker Oil Tools, Inc. ........ Vv 
William M. Barret, Inc. .............. xvi-xvii Mid-West Printing Company ............. XV 
viii Schlumberger Well Surveying Corporation 
Economic Geology Publishing Company ....xv Seismograph Service Corporation ........ 
Geophysical Service, Inc. ....Inside back cover Spencer Lens .................-eeee cues 
Gulf Publishing Company ................ xx  Sperry-Sun Well Surveying Co. ........... 
iii Edgar Tobin Aerial Surveys ............ 
Hughes Tool Company ... .Outside back cover Tulsa Chamber of Commerce ............ xxii ) 
Independent Exploration Company ‘iheeksaia xix Western Geophysical Company ........... xxi 
PROFESSIONAL CARDS 
William M. Barret ...... x Chemical Labora- ix 
Donald C. Barton ...... xi Dabney E. Petty ....... x1 
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Reflection 
Seismic 
Surveys 


Successfully Conducted in 4 

MIDCONTINENT—Texas, Oklahoma, Kansas 4 
GULF COAST—Texas, Louisiana, Alabama eh 
PACIFIC COAST—California 
ROCKY MOUNTAIN—Colorado, Wyoming, Montana ae 
APPALACHIAN—Pennsylvania, New York = 


GREAT LAKES—Michigan 
CANADA—Alberta, Saskatchewan, Quebec ie 
MEXICO—Tampico Area, Isthmus of Tehuantepec 
VENEZUELA 


GEOPHYSICAL SERVICE 


INCORPORATED 
DALLAS, TEXAS 
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HUGHES TOOL COMPANY 


ANGELES. CALIF. 
OKLAHOMA CITY. OKLA. 
MIDLAND. TEXAS TEX 
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NEW YORK CITY 


